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Method of isolating a protein 

Field of the invention 

The present invention relates to a novel method of identifying and isolating one or 
5 more proteins from a biological sample of a human or animal subject, wherein the 
biological sample comprises a protein complex comprising an immunoglobulin and a 
protein to be isolated or identified bound to said immunoglobulin or a mixture of 
immunoglobulins by virtue of one or more antibody-antigen interactions, or an 
immmoglobulm-containing fraction comprising the protein to be isolated bound to one 

10 or more immunoglobulins. The present invention clearly encompasses the separation 
of the protein of interest from the immunoglobulin fraction. The present invention also 
encompasses the partial or complete enrichment or purification of a protein of interest 
by immunocapture of the immunoglobulin fraction and eluting or otherwise removing 
unbound protein, and optionally isolating or recovering the bound protein of interest 

1 :> from the captured immunoglobulin. 

Background of thg invention 
General Information 

This specification contains nucleotide and amino acid sequence information prepared 
20 using Patentln Version 3.1. Each nucleotide sequence is identified in the sequence 
listing by the numeric indicator <210> followed by the sequence identifier (eg 
<210>1, <210>2, <210>3, etc). The length and type of sequence (DNA, protein (PRT) 
etc), and source organism for each nucleotide sequence, are indicated by information 
provided m the numeric indicator fields <211>, :*212> and <213>, respectively 
25 Nucleotide sequences referred to in the specification are defined by the term "SEQ ID 
NO:", followed by the sequence identifier (eg. SEQ ID NO: l.refers to the sequence in 
the sequence listing designated as <400>1). 

The designation of nucleotide residues referred to herein are those recommended by the 
30 njPAC-IUB Biochemical Nomenclature Commission, wherein A represents Adenine 
C represents Cytosine, G represents Guanine, T represents thymine, Y represents a 
pynmidme residue, R represents a purine residue, M represents Adenine or Cytosine K 
represents Guanine or Thymine, S represents Guanine or Cytosine, W represents 
Adenine or Thymine, H represents a nucleotide other man Guanine, B represents a 
35 nucleotide other than Adenine, V represents a nucleotide other than Thymine D 
represents a nucleotide other than Cytosine and N represents any nucleotide residue ' 
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As used hereto (he term "derived from" shall be taken to indicate that . . 

integer may be obtained from a particular source albeit , I " 

that source. necessanly direcUy from 



5 Unless the context requires otoerwise or specifically steted to toe conhary integers 
atops or elements of toe invention recited herein as singular integers steZ £2 
clcar^encompass both singular and plural torn, of fc JL ^ 

10 ^se^ ' P f flCati0,, • C — <*-«•* «- worn 

imX toe tool r "* " " C ° mPriSeS " M "W*-. ««I b= understood* 

^ ° f ^ «"« ** - *— « or group of 

15 

■nroughou, this specification, unless specifically stated otherwise or toe context 
^unes otoerwtse reference to a single step, composition of matter, group Co 
gre»P of compositions of matter shall be token to encompass one anfa pluIC 0 

Unless specifically stated otherwise, each feature described herein with regard to a 
^ -M, to each and every other aspect or embodiment of the invention. 

to venations and modifications other than those specifically described li £?T 

z^* - tav r° n ^ 3,1 -* vLati 0 r y m " i:^ 

oonL « speoficatton, individumly or collectively, and any and all 

combmattonsoranytwoormoreofsaidatepsorfeatures. 

^present invention is no. to be limited in scope by toe specific embodiments 
35 c3 J T FunCtioMll ^alent producto, compositions and meuJHre 
35 clearly wttom the scope of the invention, as described herein 
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All the references cited in this application are specifically incorporated by reference 
herein, 



The present invention is performed without undue experimentation using, unless 
5 otherwise indicated, conventional techniques of molecular biology, microbiology 
virology, recombinant DNA technology, peptide synthesis in solution, solid phase 
peptide synthesis, and immunology. Such procedures are described, for example, in the 
following texts that are incorporated by reference: 

Sambrook, Fritsch & Maniatis, Molecular Cloning: A Laboratory Manual, Cold Spring 
10 Harbor Laboratories, New York, Second Edition (1989), whole of Vols I, H, and III- 
DNA Cloning: A Practical Approach, Vols. I and II (D. N. Glover, ed., 1985), IRL 
Press, Oxford, whole of text; 

Oligonucleotide Synthesis: A Practical Approach (M. J. Gait, ed., 1984) IRL Press 
Oxford, whole of text, and particularly the papers therein by Gait, ppl-22; Atkinson et 
15 al. pp35-81; Sproat et al, pp 83-1 15; and Wu et al, pp 135-151; 

Nucleic Acid Hybridization: A Practical Approach (B. D. Haines & S. J. Higgins, eds 
1985) IRL Press, Oxford, whole of text; 

Immobilized Cells and Enzymes: A Practical Approach (1986) IRL Press, Oxford 
whole of text; ' 

20 Perbal, B., A Practical Guide to Molecular Cloning (1 984); 

Methods In Enzymology (S. Colowick and N. Kaplan, eds., Academic Press, Inc.) 
whole of series; 

J.F. Ramalho Ortigao, "The Chemistry of Peptide Synthesis" In: Knowledge database 
of Access to Virtual Laboratory website (Interactiva, Germany)- 
25 Sakakibara, D., Teichman, J., Lien, E. Land Fenichel, RL. (1976). Biochem. Biophys. 
Res. Common. 73 336-342 

Merrifield, R.B. (1963). J. Am. Chem. Soc. 85, 2149-2154. 

Barany, G. and Merrifield, RB. (1979) in The Peptides (Gross, E. and Meienhofer, J. 
eds.), vol. 2, pp. 1 -284, Academic Press, New York. 
30 Wunsch, E., ed. (1974) Synthase von Peptiden in Houben-Weyls Metoden der 
Organischen Chemie (Muler, E., ed.), vol. 15, 4th edn., Parts 1 and 2, Thieme 
Stuttgart. ' 

Bodanszky, M. (1984) Principles of Peptide Synthesis, Springer-Verlag, Heidelberg 
Bodanszky, M. & Bodanszky, A. (1984) The Practice of Peptide Synthesis, Springer- 
35 Verlag, Heidelberg. 

Bodanszky, M. (1985) Int. J. Peptide Protein Res. 25, 449-474. 
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eas., 1 986, Blackwell Scientific Publications). 
Description nf related art 

5 £ ZT2£ demmd &r ^ di ~ *~ and 

ta^T, ldettMcah0 » validation reagents, the pharmaceutical indusuy has 

<„«. example, in the diagnosis/prognosis and/or treatment nf 

infection or autoimmune disease treatment ot 

10 

As many pathogenic organisms express unique proteins or isofonns of preteins much 

"aT a? 86 " oa . ideotifyin8 md -« *- * - rciof 

ZLSZTSr?" ■ « aH Prereins 

20 IlT ?" Si,nPleS, aPPrMd> ™ Wenafyin * ' ^ostic/pregnosnc targe, of interest is 

athsease or condition, or alternatively, to detennine a host cell protein having an 
altered expression pattern as a eminence of tire disease or conditio Z 
determmed ptntein is tiien used te generate or identify an antihcTutTab Jl 

25 preton is sufficiently immunogenic te facilitate its use in me preparation of iZl 
dia^ostic reagents. However, such meutods experience a high mte of ^aTZv 
of the proteins that are tested ate not immunogemc or a, least fo, te £J£ 
to elicit an immune resnonse in » u™* * . «cgree required 

reagents and KtsorvJ™ ^ ** Pr0dUCU011 ° f ^-^agnostic 



reagents and kits or vaccines 
30 



eel, therehy hindering':: ZT?^S" ^ ^ " ' 
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According*, a* Ugh failure ^ of ^ , ^ 



6 Se,UalCin8 ° f ^ 8OT ° me ° f organisms 

IT™ , T 3 y Paai0geniC 0r8aniSmS - Usi "8 b °* 
ofproT^ chers attemp, t0 predict the location and accessibility 

10 rl^cTaTT y *: " nd — *» a protem 

As reported by Masrgnan. « at £rpe rt Cjpi* Mcn ^ 895 . 90J ^ 

15 

Mentha, depend upon analysis of the genome sequence of an organism require « 

mL^r\° r " Si8nifiamt P^>POr,i0,, ° f «" <* *• organism of 

mterest has been sequenced. Accordingly, mis method is ineffective at predicting 
dtagnostic/therapeutic targets in organisms ma. have genomes mat are £f He 

■* - °™ * ° f - i- «tc prediction of potenti^ 

^ ^ ^ to Path ° 8enS ' -* fc — * — -^viruses, 
winch manrtern a htgh mutation rate, mus regularly changing their genomic seuuence. 

25 n^TT **" me,h0dS ^ SWIed to d<item *>"> which, if any of me 

1-d.cted terget proteins are acurally expressed by the pathogenic orglism in 2 
Tms . made more difficult with me observation ma, some proteins are only exmeZ 

so ™r m 3,1 may be ° f ifaited ^ ^ *• — « ° f - -* 



As ear, be perceived from me preceding discussion, there remains a need for a method 
offer me raprd Nation and/or identification of a protein that is an attractiv terror 
a diagnostic assav and/or ~f . iarget tor 



35 



a diagnostic assay and/or method of treatment 
Summary of the Invention 
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tuberculosis or Pseudomo^L I mfeCH ° n by ^^aoUHum 

recover ta^^r* Z rJLT" ^ *- ^ - '° 
5 M fracuon of patient Tel ST* ? ™~ 

10 patients suffering ta n^erculS ** ' 8 ftaCt, ° n ° f Se ™ «*«»- *» 

Using this method, the present inventors identified the Kf ttih , ■ . 
synthetase (Rv2860c) from tte IgG fraction of ZT * 8>«tamtne 
also used the d-^Lt ■ of sputum and sera from TB patients. They 

The present inventors have further developed the mahn* «t «, 
capturing an inm,unoglobmm^ntainin„T 7 T ' nVm>i0a by 

» infecuon. The capture! ^SX^lt^^ ^ 

rra a r y r ftom a ^ ~ -i: 

25 capture increased lev.1, ^7 PreSeI " mTCntOTS have be ™ "Me to 

that is ^e- t T^' 8 00 18 fiDm S *** »«"■« fl»m CP 

sevim sssrjirsr ^ 4,16 ^ «— 

GreES. 8 ^ temS fcm S8,d baoto ">- the heat shock protein 

30 

Furthermore, the present inventors have adapted the previously described me «w,H . 
isolate protems from SDutum rf.rc.i.- . aescnbed method to 
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. ~ * * My fluids : ; ~ f - — - ir - Lt 

is JZT 7 ? mmuno S enic P rotei » represents an attractive target and 

°- a8nostic applioa,ions to idaMi * * 

infection by a pathogenic organism from which said protein is isolated or „, 
autoimmune state in a subject p™<ein is isolated or an 

mtoZ^eT^-" me,h0d &r italtifying " « Gagmen, 

20 !rIL T ! ata8 ^ teUn,me said comprising obtain^ 

protem complex comprising an immunoglobulin or mixtures th„If 

—globmm^ontaming fraction from a suojec, or a 1, ZuTlr^Uf and" 
^enhfymg a protein or fragment mereof bound to the taoL**^^S 

££TE SSlT ^ " — " *» - «**« that 

containing fractions from the samX °" " "~ tomUn ^ ob » lm - 



30 
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5 



sample comprises a cell selected from the group consisting of peripheral blood 
mononuclear cell (PBMC), lymphocyte, B-lymphocyte, T lymphocyte, helper T-cell 
cytotoxic T cell, macrophage, dendritic cell, polymorphonuclear cell and mast cell m 
yet another example, the sample comprises serum or an inmaunoglobulm-containing 



hi one example, the protein complex or innnunoglobulin-containing fraction thereof 
compnses one or more immunoglobulins selected from the group consisting of IgM 
IgG,IgA IgE IgD and IgY or mixtures thereof. For example, the protein cIplexYr 
10 unmunoglobulm-containing thereof comprises IgG. Alternatively, or in addition, the 
protein complex or an inimunoglobulm-containing fraction comprises IgA. 

Such a protein complex or inmunoglobulm-containing fraction is obtained for 
example, by a process comprising separating or purifying a sample from the subject to 
15 thereby provide said protein complex or inimunoglobulm-containing fraction For 
example said separating or purifying a sample from the subject comprises contacting 
fl» sample with one or more compounds capable of binding an immunoglobulin for a 
tune and under conditions sufficient for binding to occur and isolating the compound. 

20 For example, the compound is previously immobilized on a solid support, matrix or 
resin eg the solid support, matrix or resin is selected from the group consisting of 
cellulose bead, agarose, nylon, magnetic particle, paramagnetic particle, polymeric 
resin and mixtures thereof. 

25 The method of the invention additionally provides for washing the one or more 
immobilized compounds to thereby remove non-specifically bound or unbound protein. 

In one example, a compound is selected from the group consisting of Protein A or a 

30 aT 7k ° ° f a Pr ° tein L or * » thereof, an 

30 anti-unmunoglobuhn antibody, a maltose binding protein (MBP) and a thiophilic resin 

f iMtanCe ' " Pr ° tein * Pr0tei11 ° ° r 

35 LTh"? 0 "2* meth ° d ° f Pr6Sent Suffera fr o m an 

35 mfection or has suffered previously from an infection. For example, the infection is an 

acute mfection or a chronic infection. Such an infection is, for example, selected from 
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the group consisting of a vira. infection, . bacterial infection, a yeas, infection, a ftngai 
infection, a parasitic tafection. For instance, the infection is a bacterial infection eg a 
Pseudomonas infection or a Mycobacterium infection. 

5 ta another example, tine infection is a pulmonary infection, eg., a pulmonary infection 
caused by or associated with the presence of Pseudomonas aeruginosa or 
Mycobacterium tuberculosis (eg. tuberculosis). 

In a further example, the subject suffers torn an autoimmune condition, eg an 
10 antonnmune condition that is associated with an inflammatoty condition. 

In a still further example, the method additionally comprises immumzing a subject with 
one or more cells or an extract thereof comprising the immunogenic protein or 

■5 . t ^ *" " tamUDe reSp0nSe to "» Oogenic protein or 

15 flagmen, thereof (e. g . in the subject or a sample derived from or produced by the 

subject). For tnstance, tire one or more cells or extract thereof is derived from an 

mfectious agent expressing the immunogenic protein or fragment thereof. ExampIes of 

a useful cell „r cell extract are sdected from the group consisting of a viral particle a 

20 cehular extract is selected from the group consisting of an extra* from a virus an 
extiact from a bacterium, an extract from a yeast, an extract from a fungus and" an 
extiact from a parasite. For instance, the one or more cells are bacterial cells or the 
ceUular extract is a bacterial extract, eg., a Pseudomonas sp., eg., Pseudomonas 
aeruginosa or Mycobacterium e.g., M. tuberculosis 

25 

In an example of the present invention, the subject is a non-human animal, eg., the non- 
human annual is selected from the group consisting of mouse, rat, rabbit, chicken, dog 
sheep, ovme, horse and goat. 

30 In another example, the subject is a human subject. 

The method of the present invention additionally provides for linking immunoglobulin 
to the one or more compounds, eg., by performing a process that comprises contacting 

35 IZZ^J ^ *" ° r m ° re C ° mp0Unds h *™Z immunoglobulin bound 
thereto for a time and under conditions sufficient for covalent linkage to occur between 
a compound and immunoglobulin. 
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10 



15 



20 



25 



30 



35 



Such a linking agem fc, fM . examp , ei sdec(ed 

imidoester . N . hydloJ(ysuccinimide ^.^^ 

b£ a hatoa^, cross-linker, a hydride cros , lin ker, ^'/J^ZS ~ 

N hT ' li,,ki,18 agent " ° N -M-~imide cross- liZ 

eg., the N-hydroxysucciiiiniide cross-linker is selected fro™ „ 

disuccinimidyl glutarate, disucctatoidyl sube^^s t? f ^ ° f 
dithiobis (succinimidy. propionate) 3 3^ ZTu , t«uI«Muccmumdyl) suberate, 
glycobis (sueoinintidyl sTZS' JL£T ^TT"** 
disucchtimidy. ^^^^T'^^t:^ 

* — , m-maieimido bei« hy droxysuifo succiimn.™ 
succmm.dyl ^makumdopheoylHutyrate, sulfo-sueointaidyl aZ 
n^enmd„phenyl)-bu.yra«e, bismakimidohexane, " „ £ 

maleumdobutyryloxyjsiicanimide ester -irf xi / , . *" 
sulfosuoctoimide eater For exam,,^ x,^ ^-"^^tyryloxy) 
disueeintaidylauberate: ' ' ' 1H **«»"«^ cross-finker is 

The invention also provides a method for identifying an immunogenic protein or an 

ssr *-* of m a8ent — * := " 

(i) obtainmg a protein complex comprising an immunoglobulin or mixtures 
tam* or an nm^oglobiuto-containing fraction from a subject suffering 

disease or disorder or a ceU, tissue or organ thereof, 
(u) contacting tanunog.obnlin in the protein com pl ex or immunogtobulin- 

conummg ftacfron with a samp.e comprising me agent tha, celeste 

disease or disorder or a derivative thereof and 
(n) id^ufytag a protein or fragment thereof bound to said immunogtobulin by 

virtue of an antigen-antibody interaction, 
^erein the identified protein is an immunogenic protein or immunogenic 
protein fragment of an agent ma, causes a disease or disorder in a subject 
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selected from th .group consisting „f . ^ , w « 

end a parage. For example, the infectious agen, is a bacterium, ^, PsJZZ 



r t er 0 nir n,iona additiona,iy a ^ *» - — .«*, 

^^»-mmra M gemo I m,tein I ia^ m , ofacancerc ^ rom ^ s ^ : 

(.) obtauung a protein complex comprising an immunoglobulin or mixtures 
thereof or an mu^obutin-containing fraction from a subject suffering ftom^Z 
or havmg suffered previously from cancer; 

(ii) contacting immunoglobulin in the protein complex or immunoglobulin- 

is ZTL^Z^ Xe - M ^^-^^ 

nro, d „I herein *! ^ ' S " »«««W-lo Pmtein or immunogenic 

protein fragment of the cancer cell "uogeinc 

20 

For exsmpfc, ft, cancer ceU selected from the group consisting of a Madder cancer oeU 
a broas. cancer cell, a co.orectal cancer cell, an endometria. cancer ceu a head 
neck cancer cell, a leukemia cell, a lung cancer cell a h™*„ 7 , 
25 a non-small-cell lung cancer cell »„T lymphoma cell, a melanoma cell, 

IvnmW^ T r^. 031 "^ ^ 0,1 ovanan cell, a prostate cancer cell, an acute 

lymphocytic leukenua ceU, an aduU acute myeloid hernia cell, an aduit non- 
Hodgkm's lymphoma cell, a brain tumor cell, a cervica. cancer U a cMdZi 
sarcoma ceU, a chronic .ymphocytic ieukemia ceU, a chronic myeloid leukl^ L 

^ ritzr* r • a neurobiastoma ^ — «■ • ~ c 

« ^ -km cancer ceU and a 

35 I!" 6 toVa t n fM - »• ° btato « * fa- the subject tha, 

35 compnses tire protein comptex or mixture hereof or unmunoglobufhjntltg 
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.hereof. T„e invention even further provides for obtaining one or more 
irnmunoglobulin-containing fractions from the sample. 

For example, the sample is selected from the group mnsisaas of whole Mood 

lymph node spleen, egg yolk, a fraction of whole blood, a fraction of plasma, a fraction 

of pencardtal fad. a frachon of peritoneal fluid, a fraction of lymph fluid, a fraction of 
^ph node, a fraction of spleen and a fraction of egg yolk. In another examp,., the 

Z. TTn, ° e " 60,0 *• »"» «— »« ° f Peripheral b ood 

—clear cell (PBMC), lymphocyte, B-lymphocyte, T lymphocyte, helper T-cell 
cytotoxic T cell, macrophage, dendritic cell, polymorphonuclear cell and mast cell to 

" SamPle ^ — « - — globtmn-contidmng 

15 

to one example, me protein complex or hnmunoglobulm-contammg fraction comprises 
one or more nnmurioglobulins selected from the group consisting of IgM, IgG IgA 

20 — ^-^fiuotioncumprisealgo. Alternatively, or in addition me 
20 protem complexmg or hnmunoglobulin-couteining fracrion Compaq gA 

£Z2ZZ£*- ** — s °< 

25 ^tetoZT f° r* 4 " fM ^ ^ COmi>leXing ° r ™ °glcbulin- 

mereby provide said ptutein oomplexiag or immunoglobulin^ 
fra^toa For example, said separating or purifying a samp.e from the sub J 

30 &r a *" -* ™°« conditions sufficient for binding to occur and 

30 isolating the compound. 

Forexample the one or more compounds is/are previously immobilized 0 n a soUd 
suppott, mafrtx or resin, eg., me solid support, matrix or resin is selected from the 

35 Zi °°T 8 CeM ° 8e ^ -•"«• P-** Paramagnetic 

35 particle, polymeric resin and mixtures thereof 
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The method of the invention additionally provide, for washing the one or more 
tmmoburzed compounds to thereby remove non-specifically bound or unbound protein. 

5 HZ T^' 3 C ° mP0Und " SdeCted taB *° ^ K>nsistin 8 ° f V»"* A or a 
5 numeric thereof, protein G or a mimetic thereof, protein L or a mimetic thereof, an anti- 

tnrnnmoglobuun antibody, a maltose binding protein (MBP) and a thiophilie resin or 

marines mereof. For instance, a compound is Protein A, Protein G or mixtures 

10 The method of the present invention additionally provides for linking immunoglobulin 
to the one or more compounds, eg., by performing a process comprising contacting a 
or^mkmg agent win, the one or more compound* having immunoglobulin bJnd 
thereto for a time and under conditions sufficient for eovalent linkage to occur between 
a compound and immunoglobulin. 

15 

Such a cmss-Iinking agent is, for example, selected torn the group consisting of an 
nmdoester cross-linker, a N-hydroxysuccinunide cross-linker, a maleimide cross- 
taker, a haloacetyl cross-linker, a hydrazide cross-linker, and a carbodiimide cross- 

20 ifl SIT"* *" ^ ^ "~ ' 5 a N - h ^^«*™ide cross-Unker, 
eg., the N-hydmxysucoinimide cro S s-.inker is selected ftom tile group consisting of 
d^succnmmdyl ghttarate, disucdnimidyl suberate, bis (smfosnccinimidyl) suberate 
drihtobis (suenmnntdy, propionate), 3, V - dithiobis (succinimidy, propionate), ethylene 
Scorns (succnmnidyl succinate), ethylene gjyeobis (smfe.succinunidy.suocinate) 

25 cTT? ST* — • hista-Caucoinimidyloxy: 
25 carbonyloxy emyijsulfone, bis[2-(sm fes ucoinimidyloxy-carbonyloxy) em yl] smfone 
—dtf 4.(N.maleimid„memyl) cyc.ohexane-i-carboxy.ate, JLJL£t 
W^nalenmdomemy.) cyclohexan.-1-carboxy.ate, m-maleimido benzoyl-N- 
hydroxysuoomnnide ester, m-maleimido benzoyl-N-hydroxysulfo succimmide ester 
succunnudyl 4-(p.mal«midophenyl)-butyra.e, sutfo-succinimidyl «p! 
30 malemudophenyD-b^rate, bismaleimidohexane, 

maleinridobn.yry.oxrtsuceimmide ester and NKg-mtdehnidohmyrylo,;) 
suifosuccnumide ester. For example, the N-hydr„xysuccinimide cross-UnLt 
disuccininudyl suberate. 
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response subject, said method comprising: 8 mmUne 

(i) a protein complex comprising an imnmnoglobulm or nrixtures 

teeof or » mtmunoglobufin-containtag fraction from a subject mB ™ 
fiO ^ a ° aUto — «-aceU,ti ss „eor organ thereof: 8 

r^" 8 — g ' 0bUlin to ^ ~W« - — globuUn- 
contauung factlon ^ a sample Mm » » 

suffermgftom an antoirnmune disease; and 
(n) idenrifymg a protem or fragment thereof bound to said hnmunoglobuUn by 
virtue of an antigen-antibody interaction ^ 
wherein me identified protein is an immunogenic protein or fragment mereof 
from an automunune condition capab.e of choiring an hnmun^~7a 
15 human or non-human animal subject response m a 

fraction from the sa^T ^ ""^ m — Slobulm^nmmmg 

of serum, a kction TJT Z ° ^ * of » lasma . a *«<*<»> 

of peri^fTd a fi^^r 011 3 ° f *— fl »«. • ^on 

node, a fi^T ^ ^ ^ ttT ' 

cytotoxic T ecu mT^Tendrit 6 : ^ hd *« T ~«- 

35 -"=^5»rrsz=:s:K: 
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IgE, IgD and IgY or mixtures thereof. For example, the protein complex or 
mmiunoglobulm-containing fraction comprises IgG. Alternatively, or in addition the 
protem complex or inununoglobulm-containing fraction comprises IgA. Alternatively 
5 i^T ' ^ Pr ° tein C ° mpleX ° r ^^obublm-containing fraction comprises 

The invention provides for obtaining the protein complex or immunoglobulin- 
contammg fraction by a process comprising separating or purifying a sample from the 
subject to thereby provide said protein complex or immunoglobulin-containing 
10 fraction. For example, said separating or purifying a sample from the subject 
composes contacting the sample with one or more compounds capable of binding an 
nnmunoglobulin for a time and under conditions sufficient for binding to occur and 
isolating the compound. 

15 For example, the compound is previously immobilized on a solid support, matrix or 
• resrn^ eg the solid support, matrix or resin is selected from the group consisting of 
cellulose bead, agarose, nylon, magnetic particle, paramagnetic particle and polymeric 
resin and mixtures thereof. 

20 The method of the invention additionally provides for washing the one or more 
immobihzed compounds to thereby remove non-specifically bound or unbound protein. 

In one example, the compound is selected from the group consisting of Protein A or a 
numeuc thereof, Protein G or a mimetic thereof, Protein L or a mimetic thereof, an 
25 antiimmunoglobulin antibody, a maltose binding protein (MBP), a thiophilic resin and 
mixtures thereof. For instance, the compound is Protein A, Protein G or mixtures 
thereof. 

The method of me present invention additionally provides for linking immunoglobulin 
to the one or more compounds, eg., by performing a process that comprises contacting 
a cross^mking agent with the one or more compounds having immunoglobulin bound 
thereto for a time and under conditions sufficient for covalent linkage to occur between 
a compound and immunoglobulin. 

35 Such a cross-linking agent is, for example, selected from the group consisting of an 
umdoester cross-linker, a N-hydroxysuccinimide cross-linker, a maleimide cross- 
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inker, a haloacetyl cross-linker, a hydrazide cross-linker, and a carbodiimide cross- 
ed * k°1 ^ ^ ^ Hnkin8 ^ 18 3 ^oxysuccininnde cross-linker, 
eg., the N-hydroxysuccininiide cross-linker is selected from the group consisting of 
dxsuccmnnadyl glutarate, disuccinimidyl suberate, bis (smfosuccinimidyl) suberate 
5 demotes (succmimidyl propionate), 3, 3' - dithiobis (succinhnidyl propionate), ethylene 
glycols (succxrnmidyl succinate), ethylene glycobis (sulfo-suc.inimidylsuccinate) 
d.succuunudyl tartarate, disulfosuccinixnidyl tartarate, bis[2-(succininudyloxy- 
carbonyloxy) ethyl] S ulfone, bisp-Csulfosuccinimidyloxy-carbonyloxy) ethyl]sulfon e 

10 ^-malemndomethyl) cyclohexane-l-carboxylate, m-maleimido benzoyl-N- 
hydroxysuocinhnide ester, m-maleimido benzoyl-N-hydroxysulfo succinhnide ester 
succmnnxdyl 4-(p- ma leinaidophenyl)-butyrate, sulfo-succinimidyl 4-(p- 
mdeun:dophenyl)-butyrate, bismaleimidohexane, N ? 

15 ester and N-Cg-malehnidobutyryloxy; 

15 ^fosuccunnude ester. For example, the N-hydroxysuccinimide crossIL I 
disuccuumidyl suberate. 

In an example, the subject is a human and suffers from an autoimmune condition For 
example, the autoimmune condition is an autoimmune disease, such as, for example, an 
20 a«o_ drsease is selected from the group consisting of rheumatoid alius, 
mulhple sclerose type-1 diabetes, inflammatory bowel disease, Crohn's Disease 
ufcemhve colitis, systemic lupus erythematosus, psoriasis, scleroderma, autoimmune 
thyrord disease, central nervous system vasculitis, and autoimmune myositis. 

25 to pother example, the subject suffers from cystic fibrosis (CF). In one example, such 
CP subject has previously suffered torn an acute pulmonary- exacerbation In another 
example, the CF subject is suffering from an acute pulmonary exacerbation. In yet 

c^bTrt;* 6 T f dittonaUy &om m tafectton > * - 

30 se^d fro m T Um - ""* " **** " — * " * * 

selected from the group consisting of Siaphyiococcus aureus, Pseudomonas 

aerug,nosa HaemophUus Influenzae, Aspergillus fimigatos, BurkhoUerta cepacia 
complex. Stenotro phomoms ^UopMa, Alcaligenes (Achromobacter) xyiosoxidans B 
<UW andtalsicnia pic^ti or mixtures thereof, eg., me balrtal infSon 
comprises a Pseudomonas aeruginosa infection. 
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to an example of the method of ft. present invention, fte sample is derived from fte 
ubfe* from whrch fte protein complex comprising an immunoglobulin or Zmt 
thereof or an mmtnnoglobnlm^nWning fraction thereof was derived. 

nlZTZ***? ,B ' Iy VmUm> a ^ fOT an immnnogenie pmfein 

ZSZ of elicWng m ~ response to a subjea - s - d ^ 



thereof * " con * risfa 8 *° hnmunoglobnlin or mfxtures 

10 Sn .~»— ^ ftacrion frtmr a sample from or produced^ 
10 subject prevnms,,, administered wift a sample comprising a celt or cell extract or 

nuxnrreftereofcomprismgfteimtnunogemcprofemorfragle.fftere^^^^ 

with a™ , COntaC,ta8 *" ^ C ° mpleX M ^og'ohulin^ontlmg fracnon 
wtfh a sample compnsing fte ceU or cell extract or mixture thereof; and 

(...) tdenttfying a protein or fragment thereof bound to hnmunoglobnlin in fte 

S£2£U h — — • — * virtue ff ranta 

20 

to one example, fte method further comprises administering sample comprising fte cell 
agent that causes a disease or disorder. 

25 ^^•^c^adfs^^dfsorde.is.tV^e.mtin^ons.g^eg m 
mf^on, agent selected from ft. group consisting of a vims, a bacterium, a yeas'" 
fungus and a parastte. For example, fte infectious agent is a bacterium « 
Mycobacunun, Kbe rcul osis, e.g a clinical isolate of M. tuberculosis. 

30 tZ sun 3 "? ^T" *■"■« « «™ or produced 

2£ AddT; ^ Pr ° tein ^ « — *buunJn*inin^ 

nCtllob^ ^ meth ° d ^ oktahring an 

nnntunoglobulm-contammg fraction from the sample. 

" h n urnan e l 0Im T" " "** " * ^ «« «-*. a non- 

human antma, selected from fte group consisring of a mouse, a rat, a rabbit a chicC 
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10 



a dog, a sheep, an ovine, a horse, a donkey and a goat. In one exemplified form of the 
invention the subject is avian (eg. a chicken) and the biological sample produced by the 
subject is an egg or an extract thereof or a derivative thereof. 

In another example, the sample is selected from the group consisting of whole blood 
plasma, serum, sputum, saliva, pleural fluid, pericardial fluid, peritoneal fluid, lymph 
fluid, lymph node, spleen, egg yolk, a fraction of whole blood, a fraction of plasma, a 
fraction of serum, a fraction of sputum, a fraction of saliva, a fraction of pleural fluid a 
fraction of pericardial fluid, a fraction of peritoneal fluid, a fraction of lymph fluid' a 
fraction of lymph node, a fraction of spleen and a fraction of egg yolk. In another 
example, the sample comprises a cell selected from the group consisting of peripheral 
blood mononuclear cell (PBMC), lymphocyte, B-lymphocyte, T lymphocyte, helper T- 
cell, cytotoxic T cell, macrophage, dendritic cell, polymorphonuclear cell and mast cell 
hi yet another example, the sample comprises serum or an inmiunoglobulm-containing 
15 fraction of serum or egg yolk or an inununoglobulm-containing fraction of egg yolk. 

In one example, the protein complex or inmiunoglobulm-contaiiung fraction comprises 
one or more immunoglobulins selected from the group consisting of IgM, IgG IgA 
IgE, IgD and IgY or mixtures thereof. For example, the protein complex or 
20 immunoglobulm-containing fraction comprises IgG. Alternatively, or in addition the 
protem complex or inmiunoglobulm-contaming fraction comprises IgA. Alternatively 
or in addition, the protein complex or immunoglobulin containing fraction or protein 
complex comprises IgY. Alternatively, or in addition, the protein complex or 
inimunoglobulm-(X)ntaining fraction comprises IgM 

25 

The invention provides for obtaining the protein complex or immunoglobulin- 
containing fraction by a procoss comprising separating or purifying a sample from the 
subject to thereby provide said protein complex or immunoglobulm-containing 
fraction. For example, said separating or purifying a sample from the subject 
30 comprises contacting the sample with one or more compounds capable of binding an 
immunoglobulin for a time and under conditions sufficient for binding to occur and 
isolating the compound. 

For example, the compound is previously immobilized on a solid support, matrix or 
resin, eg., the solid support, matrix or resin is selected from the group consisting of 
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cellulose bead, agarose, nylon, magnetic particle, paramagnetic particle, polymeric 
resin and mixtures thereof. J 



The method of the invention additionally provides for washing the immobilized 
5 compound to thereby remove non-specifically bound or unbound protein. 

In one example, the one or more compounds is selected from the group consisting of 
Protein A or a mimetic thereof, Protein G or a mimetic thereof, Protein L or a mimetic 
thereof, an anti-immunoglobulin antibody, a maltose binding protein (MBP) a 
10 thiophihc resin and mixtures thereof. For instance, the compound is Protein A or 
Protein G or mixtures thereof. 

The method of the present invention additionally provides for linking immunoglobulin 
to the compound, eg., by performing a process that comprises contacting a cross- 
15 linking agent with the one or more compounds having immunoglobulin bound thereto 
for a time and under conditions sufficient for covalent linkage to occur between a 
compound and immunoglobulin. 



20 



Such a cross-linking agent is, for example, selected from the group consisting of an 
mndoester cross-linker, a N-hydjoxysuccimrnide cross-linker, a maleimide cross- 
linker, a haloacetyl cross-linker, a hydrazide cross-linker, and a carbodiimide cross- 
linker. For instance, the cross linking agent is a N-hydroxysuccinimide cross-linker 
eg., the N-hydroxysuccinimide cross-linker is selected from the group consisting of 
disuccinimidyl glutarate, disuccinimidyl suberate, Bis (sulfosuadmmidyl) suberate 
25 dithiobis (succinimidyl propionate), 3, 3' - dithiobis (succinimidyl propionate), ethylene 
glycobis (succinimidyl succinate), ethylene glycobis (sulfo-succininndylsuccinate) 
disuccinimidyl tartarate, disulfosuccinimidyl tartarate, bis[2-(succinimidyloxy- 
carbonyloxy) ethyljsulfone, bisp-Csulfosuccinimidyloxy-carbonyloxy) ethyljsulfone 
succinimidyl 4-(N-maleimidomethyl) cyclohexane-l-carboxylate, sulfo-succinimidyl 4- 
30 (N-maleimidomethyl) cyclohexane-l-carboxylate, m-maleimido benzoyl-N- 
hydroxysuccinimide ester, m-maleimido benzoyl-N-hydroxysulfo succinimide ester 
succinimidyl 4-(p-maleimidophenyl)-butyrate, smfo-succinimidyl 4-(p- 
maleimidophenyD-butyrate, bismaleimidohexane, N . (g 

maleimidobutyry^^ ester and N-(g-maleimidobutyryloxy) 

35 srifosuccinimide ester. For example, the N-hydroxysuccinimide cross-linker is 
disuccinimidyl suberate. 
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In one example of the method of the invention, the sample comprising the cell or cell 
extract or mixture thereof that is contacted to the protein complex or immunoglobulin- 
containing fraction is derived from a subject comprising the cell or cell extract For 
example, the cell or cell extract is derived from an agent that causes a disease or 
disorder and the sample comprising the cell or cell extract or mixture thereof is derived 
from a subject suffering from the disease or disorder. 

In one example, the agent that causes a disease or disorder is an infectious agent, for 
10 »^ 

a yeast, a fungus and a parasite. 



15 



r addition^ comprises, for example, separating an immunogenic 
protem or fragment thereof bound to «he hnmunoglobunn by virtue of an antigen- 
antibody interaction from the immunoglobulin. Such separation is achieved for 
example, by performing a process that comprises contacting the protein complex 
20 compnsmg an unmunoglobulin or mixunes thereof or an mrnrunoglobulm-conteilg 
fraction thereof wtfh a compound that disrupts the antigen-antibody interaction for a 
tune an under condition, sufficient to disrupt the antigen-antibody interaction. 

For example, a compound ma, disntpts the antigen-antibody interaction is selected 
25 from the gram consisting a compound mat modulates the pH of the immunoglobulin- 
confammg fraction^ a sal, an ionic detergent, a dissociating agent and a chaotropic 
agent or mixtures thereof. p 

In another example, the present invention additionally comprises isolating a protein ma, 
30 ,s or was bound to «he inmrunogtebmrn-conteining fraction by virtue of L antigT 
anubody mteraction; For example, the protein is isolated using gel electrophoresis eg 
two-dunensionalgelelechophoresis. P uresis, eg, 

35 1^ . an °* er . eX ™P Ie - * is or was bound ,o me immunoglobuhn. 

35 conteunng fraction by virtue of an antigen-antibody interaction is identified uatog mass 
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spectrometry eg., matrix-assisted laser desorptiorx/ionisation-time-of-flight mass 
spectrometry (MALDI-TOF MS). 

The present invention additionally provides a method comprising- 

(a) obtaining a protein complex comprising an immunoglobulin or mixtures 
*«f or an nnmunoglobulm-containing fraction from a subject that has raised an 
unmune response agamst an immunogenic protein or fragment thereof or a cell tissue 
oro«^ 

10 IT". T CaP3ble ° f ^ ^ ^ ^bulin for a time and under 
10 

(b) linking immunoglobulin in the protein complex or immunoglobulin- 
containmg fraction to the one or more compounds; ™<>giobulin 

i^unSobu^ " **** " ^ ^ 

15 * . COntaCtin8 a S3mple C ° mprisin 8 * e immunogenic protein or fragment 

thereof with the linked immunoglobulin; rragment 

i™tb2r ating *• ~ gen;c pr ° tein ° r fragment ^ - ^ 



(f) optionally, repeating (d) and (e) one or more times- and 
idenf" 
immunoglobulin, 



20 (g) identic „ protdn or ftagn^ 'tterJ' seated from the 



thereby identifying an immunogenic protein or fragment thereof. 

25 frT^T t (C) SePaiaaDg «—»■-«• P">«» or fragment thereof 

—L^. — < W "* B is perfotmed prior to (d) contacting a sampJe 

30 ° t<b t toVen,i0n <d> ° 0n,aCtin8 a ^ *• immunogenic 

30 pro.cn or fragment thereof with the linked unmunoglobulin is performed prior 

Preferably (d) contacting a sample comprising the immunogenic pmtein or fragment 
fragment thereof from me linked hnmunoglobulin are repeal a suffiL, o 
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times to identify one or more immunogenic orotein* *~ i 

For example, the agent that causes the disease or disorder i, „„ ,„« „• 
■ 5 bacterium, eg., Mycotactoriun, * berculosts . disorder is an infectious agent, eg, a 

XTeZT T 601,1 m au, °— » 

infectious agent ea a har*^,,^ T aisoraer, eg., an 
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The invention additionally provides for the use of the method described herein in the 
diagnosis of a condition. 

In one example, the condition is a disease or disorder, for example an infectious disease 
5 or a cancer. 

In another example, the condition is an autoimmune condition. 

10 Brief descri ption of the, drawing s 

Figure 1 is a photographic representation of a 2-dimensional gel showing proteins that 
have been isolated with an immunoglobulin fraction of a subject suffering from M 
tuberculosis. 

15 Figure 2 is a photographic representation of a 2-dimensional gel showing proteins that 
have been isolated with an immunological fraction using the method of the present 
invention. A protein of interest designated Protein Spot 3A is highlighted. 

Figure 3 is a graphical representation showing the mass spectrum of a tryptic peptide 
20 from the protein identified in Figure 1 . 

Figure 4 is a photographic representation of a 2-dimensional gel showing proteins that 
have been captured from P. aeruginosa using an immunoglobulm-containing fraction 
from a CF subject suffering from a P. aeruginosa infection. 

Figure 5 is a photographic representation showing a 2-dimensional gel showing 
proteins captured from sputum of a CF subject using an immunoglobulm-containing 
fraction from a CF subject that is suffering from an exacerbated state and a P 
aeruginosa infection. 



25 



30 



Figure 6 is a photographic representation showing immunoreactivity of four CF 
subjects and three healthy control subjects to P. aeruginosa GfroES. Each spot position 
in the 4- or 5- spot containing grid shows the immunoreactivity of a single subject to 
&e protein onto which plasma aliquots were analysed. Spot positions 1 to 3 are from 
35 healthy control subjects. Spot positions 4 to 7 are from CF subjects. Also shown in the 
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specificity of observed immunoreactivities by screening patient samples attain* 
negahve controls (BSA or PBS). samples agamst 

Figure 7 is a photographic representation showing a two-dimensional gel showing 

ntmtnnoglobnhn-contalmng fraction obtained fto m „ egg , ^ a 8 ^ 
prevonsly tmmuni^d with a ce.ln.ar extmc, of «„e JjftniL, J s . ^ 

Detailed desori p «„„ mefem .^ mlwJi fc 

10 fetrn! T" Pr0VideS 8 mefll0d &r - tontunogenio protein or 

fetgtnent thereof capable of eliciting an hnmnne response, said meL comprising 
obteunng a protetn complex comprising an immunoglobunn or mixtures thereof 
™g.obnhn-con«ning fraction from a subject or a cel., tissue or organ thereof an" 
td«»fymg a protein or fingment thereof bound to me immunog.obuun by vhToft 

ZZ m V^T k0 ' °» fa "— ^ Pro^in oTfi^rem 

mereofcapableofeUcitmganimmuneresponse. 

As used herein fhe term ••immunogenic protein" shah be understood «o mean any 
Wude polypeptide or protein mat induces m immune response in a subject, such Z 
20 Weanubody is raised against said protein by me subject Aeeordmg,; sueht 
unmunogentc protein" is capab.e of interacting with an antibody as an antigen, fe 2 
■atibody . capab.e of binding to to ^ ^ to . JLovJC^ b^ 

oTme ^r" 0 " ^ hW,erVariab,e M «»*—■* — — « ^ 



25 



1C " CaPabU ° f binding to « ^oglobutin by virtue of an 

2~body mtemetion does so by any one or more of a variety of bone! " 
attentive : forces. For example, an antigen binds to an antibody by virtue of hydrogen 

30 dt f<>m,ati0n ° f hydn>8en »«"- WtopriL molel«tfS 

To^ y r ^ ^ dW WMlS b ° ndS (it " n Ceotion clot! 

S } or hyd,Dplwbic whJ * -*» - — — of 2: 

polar, hydrophobtc groups. Altemative.y, „ r i„ addition, an antigen-antibodv 
mtemcon „ by electrostatic ^ ^ 

groups on protein side chains. wwwwiy cnarged 
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In one example, the method for isolating and/or identifying an immunogenic protein 
isolated with an immunoglobulin of the present invention isolates a native or 
unmodified form of an immunogenic protein. As used herein, the term "native or 
unmodified form" shall be taken to mean a form of a protein that is found in nature 
Accordingly, this term encompasses modifications of said protein that are found in the 
environment in which the protein is found in nature, for example, in a cell in which the 
protein is naturally expressed. Such modifications include, for example, proteolytic 
cleavage, post-translational modification, alternative splice forms, and any other 
modifications result in a change in molecular weight, charge, or amino acid 
10 composition of the protein. 



In another example, a method for isolating and/or identifying an immunogenic protein 
isolated with an irrmiunoglobulm-containing fraction of the present invention isolates a 
modified form, a fragment or a peptide of an immunogenic protein. As used herein the 

15 term "modified form" shall be understood to mean a protein that differs to the native 
form of said protein. Modifications that may be detected by such methods include for 
example, proteolytic cleavage, post-translational modification, and any other 
modifications result in a change in molecular weight, charge, or amino acid 
composition. In accordance with this embodiment, a modified form, a fragment or a 

20 peptide of an immunogenic protein may be produced as a result of an immune response 
by a subject from whom a biological sample is derived. During such an immune 
response, many proteolytic enzymes, such as, for example neutrophil elastase and 
pathogen derived elastases are produced, often resulting in the cleavage and 
degradation of a protein. Accordingly, a modified form of an immunogenic protein that 

25 is clearly encompassed by the present invention is a fragment of said protein. As a 
consequence, the present invention clearly encompasses the isolation of a fragment of 
an immunogenic protein or an immunogenic fragment of a protein. 

A preferred fragment includes a fragment of a protein against which an individual 
30 mounts a specific immune response, more preferably, a specific antibody response 
Preferably, a fragment of protein identified by the method of the present invention 
comprises at least about 5 amino acids, more preferably at least about 6 amino acids 
more preferably, about 10 amino acids, even more preferably, about 20 amino acids' 
even more preferably, about 50 amino acids and even more preferably, about 100 
35 amino acids. 
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As -dk^, the ta "eliciting an ta™ response" shall be understood to refer to 
the abruty of a subjeet to raise a speeifle antibody response and/or a speoifio T-eell 
response to an antigen. Preferably, the hnmnne response is an antibody response 
W.fhout wshmg to be being bound by theory or mode of action, such an antibody 

ZT,,' 7T* to 3 ^V**™** «* <m Pricing IgD and IgM that 

pec-ficaHy bmd to the immunogenic p rotei „ or antigen. ., is particularly preferred tha, 

^1 y TT'r differentiates into a plasma cell drat secretes IgM and/or IgG 
and/or IgE and/ or IgA and/or Ig Y ma. specifically binds to said immunogenic protein. 

10 As used herein, the term "protein complex comprising an immunoglobulin" shall be 

ntLl kT " PlUraU,y ° f teeraCfin8 Pr0teinS ** ~ - 

unmunoglobulmprotems and/or one or more types of immunoglobulin protein. In one 

embodnuem, such . protein complex is an antibody complex, eg., a number of 

15 bondmg) to form an antibody. For example, in tire case of IgO such an antibody 
complex comprises two light chains and two heavy chains, wherein each light chain k 
Indeed to a heavy chain by at least one diaulphide bond and the heavy chains are also 
hnked by at lea* one diaulphide bond. Clearly other forms of antibody complex are 

20 Furthermore, » one embodiment, such an antibody complex comprises am antigen 
bound to an unmunoglobulin. Clearly a protein complex includes an immunogenic 
protem or fta^ent thereof bound to one or more immunoglobulin by virtue of an 
antigen-antibody interaction. 

25 As used herein the tern, "tamunoglobulm-containing fraction" shall be taken to mean a 
component of a biological sample that is isolated with an immunoglobulin. Such a 
fraction may comprise, for example, an immune complex, an antibody-HLA complex 
an antibody, mnnunoglobnlin light chain, immunoglobulin heavy chain, a component 
of the complement pathway, fibrinogen, haptoglobin, a-l-antitrypsin, a-l-acid 

30 glycoprotein, o-l-macroglobulin, transferrin, low density apoprotein, cornloplasmin or 
serum albunun protein or a fragment thereof bound to immunoglobulin by virtue of an 
antigen-antibody interaction or mixtures thereof amongst other components. 

In a preferred embodiment, an "immunoglobulm-containing fraction" and/or a "protein 
35 complex compnsing an immunoglobulin or a mixture thereof is to be considered those 
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proteins that are directly bound by an immunoglobulin binding compound, such as for 
example, Protein G, Protein A or Protein L. > n as, tor 

As used herein the term "hnmunoglobulin" shall be taken to mean a protein produced 

cL^fTT " U ^ preferably spedfi0 mtib °<* T. » h 

enable of mtemcung wmVbindmg to a specific protein, prefembly without formation 
of a covalen, bond. Preferably an immunoglobulin comprises four polypeptide chains, 
bvo tdentica. heavy chains and two identical fight chains, finked by disulphide bonds: 

As used herein me term "antibody- refers to intact monoclonal or polydonal 
antibodtes, nnmunogtobulin (IgA, IgD. IgG, IgM, IgE, IgY) fractions, humanized 
anubod.es, or reoombmant single chain antibodies, as well as fragments thereof, such 
15 as, for example Fab, F(ab)2, and Fv fragments. 

to one example of the invention, the protein complex or mmrunoglobufin-oontammg 
fictions compnses IgG and/„r IgA and/or IgY. In anoflter example of me invention! 
20 T 7 " h ^ Wk -'- l4 *e comprises IgG. In ye. 

.TlTZn 6 T^' * Action comprises 

IgA, In a further example of the invention, the protein complex or immunoglobufin- 
— ng fraction comprises IgY. In a still furmer example of the invention 1 
protem complex or mununoglobvdm-containing fraction comprises IgM. 

25 The present invention provides for me isolation of an umnmm^obulin^onteming 
fraction or a component of an immunoglobuUn^ntaimng fraction. Preferably, mis 
process ts performed without purifying free immunoglobulin from immunog.obuUn mat 
.scomplexed with an antigen or immnnogenio pretein. Sobnlmthat 

30 Biological sample 

tovTrf,* 1 ' ^ end/or body fluids, me present 

complex or munnnoglotahn-containing fraction from a sample comprising such a body 

35 :Z:T y , ^^'-'^^-P'-emlformeiltionofme 
« nomT m "T" " ^^-—ng fraction is a sample 
selected from me group consisting of whole blood, plasma, serum, sputum, saliva, 
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pleural fluid, pericardial fluid, peritoneal fluid, lymph fluid, lymph node, spleen egg 
yolk, a fraction of whole blood, a fraction of plasma, a fraction of serum, a fraction of 
sputum, a fraction of saliva, a fraction of pleural fluid, a fraction of pericardial fluid a 
fraction of peritoneal fluid, a fraction of lymph fluid, a fraction of lymph node,' a 
5 fraction of spleen and a fraction of egg yolk. 

Those biological samples useful for the performance of the present invention comprise 
for example, a cell selected from the group consisting of peripheral blood mononuclear 
cell (PBMC), lymphocyte, B-lymphocyte, T lymphocyte, helper T-cell, cytotoxic T 
10 cell, macrophage, dendritic cell, polymorphonuclear cell and mast cell. For example 
such a biological sample comprises serum or an inimunoglobuUn-containing fraction of 
serum. 

Clearly the present invention also encompasses derivatives of said biological samples 
15 For example, the present invention encompasses samples that have been treated to 
isolate one or more proteins from a biological sample (for example to remove protein 
below a predetermined molecular weight, or to remove a common protein, such as for 
example, albumin). Alternatively, or in addition, a biological sample, such as' for 
example, whole blood is treated to cause clotting of erythrocytes to facilitate isolation 
20 of plasma or serum. 

As the present invention encompasses obtaining a biological sample, it will be apparent 
that, m some forms of the invention, a biological sample is derived previously from a 
subject using a method known in the art, such as, for example using a syringe or by 
25 surgery. 3 

The method of the present invention encompasses biological samples derived from any 
subject that is capable of eliciting an immune response against an antigen. For 
example, such a subject is a non-human animal, such as, for example, a drosophila a 

30 Caenorhabditis elegans, a zebrafish, a mouse, a rat, a rabbit, a chicken, a dog, a sheep 
an ovine, a horse or a goat Clearly, developmental stages of these animals is also 
encompassed by the present invention, for example, as exemplified herein, injection of 
a cellular extract a chicken causes a specific immune response against specific antigens 
in that cell extract and immunoglobulin that binds to an antigen in the extract is isolated 

35 from an egg laid by said chicken. 
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Alternatively, the method of the present invention is equally useful for identifying an 
immunogenic protein or a fragment thereof in a biological sample from a human Such 
a method is useful for identifying a protein or fragment thereof in a human that suffers 
from, for example, an infection or an autoimmune disease, wherein said protein or 
5 fragment thereof is a diagnostic and/or therapeutic target. 

Alternatively, or in addition, as immunoglobulin that specifically binds to a protein or a 
fragment thereof exists in or is produced by a subject following an infection, an 
mmaunoglobulm-containing fraction from a subject previously infected or currently 
10 infected is useful for identifying an immunogenic protein from the infectious agent 

A biological sample derived from subject suffering from an infection or previously 
infected with an infectious agent is useful for, for example, identifying a marker and/or 
therapeutic target of said infection. Such an infection is, for example, an acute 
15 infection or a chromic infection. By "chronic" is meant that an infection is long lasting 
or characterised by frequent recurrences. For example, a chronic bacterial infection is 
often observed in a subject suffering from cystic fibrosis. 

By "acute" is meant that an infection has a rapid onset followed by a short and possibly 
20 severe course. For example, subjects suffering from a hepatitis C infection or a 
Hemophilus influenzae often suffer from an acute infection. 

A biological sample derived from a subject suffering from an infection or previously 
suffering from an infection (whether acute or chronic) selected from the group 
25 consisting of a viral infection, a bacterial infection, a yeast infection, a fungal infection 
and a parasitologic* infection is encompassed by the present invention. 

For example, a biological sample is derived from a subject suffering from (or 
previously suffering from) a bacterial infection, wherein the bacteria that is causative of 

30 said bacterial infection is from a genus selected from the group consisting of 
Abiotrophy Achromobacter, Acidaminococcus, Acidovorax. Acinetobacter 
Actinobacillus, Actinobaculum, Actinomadura, Actinomyces, Aerococcus, Aeromonas' 
Afipia Agrobacterium, Alcaligenes, Alloiococcus AlteromonasAmycolata 
Amycolatopsis, Anaerobospirillum, Anaerorhabdus, "Anguillina". Arachnia 

35 Arcanobacterium, Arcobacter. Arthrobacter, Atopobium, Aureobacterium, Bacillus' 
Bacteroides, Balneatrix, Bartonella, Bergeyella, Bifidobacterium, Bilophila 
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Branhamella. BorreHa, Borate. Brachysplra. Brevlbaclllus. Brevlbacterlun, 
Bre^ul,monas. Brucella, Burkholderla. Bulllau^tta. ButyrtvlbZ 
Caly^atobacterlun,, Campylobacter. Capnocylophaga. a**,, Calonella 
Cedecea. Cellulomonas. CenUpeda. Chlamydia. Chlamydophlla. ChromobaCerlum 
5 Chyseobaclenum, Chryseomonas. Citrobacler. Closmdlum. Columella. Comamonas 
Corynebacterlum. Coxiella. Cryplobaclerlum, Delft*,, Dermabacter. Dermalophllus' 
Besulfirtbrto. Dialer. Dlchelobacter. Doloslcoccus. DoloslgrLum. 

Enterccoccus Ennnla. EryslpelolhrU. Escherichia. Eubaclerium, E^ngella 
10 K.guobacer.um. FacMa^a, FlllfaCor. Flavlmonas. Flavobacterlum. Fljplra 
FrancvelU, Fusobadenum. Oardnerella. Oe m ella Oloblcalella. Oordona 
Ha^nopMus. Hajhla. Helicobacter, Xelococcus, Holdemanla. Ignavlgranum 

*— * KunHla KyZcocZ 

Mcrobactenu, , Mcrococcus. MUsuoMla, Moblluncus. Moelterella. Moraxella, 
Morganella Mycobacterium Mycoplasma. Myroldes. Neisseria. Nocardla 
Nocar**ps,s Ochrobaclrun, OestortaOllgella. Ortentla. PaenlbaclUus. PanZ 

20 Z:f7 PaS * mU "- Pe *"- Pyococcus. 

20 Pholcbactenum. Phcorhabdus, Pleslomonas Porphyrlmoni, Prevotela 
Propvn.bacterlum. Proteus. Prortdencla, Pseudomonas. Pseudonccardla 
^^abacUr Psychrobacter. Rahnella. Balslonla. Bhoaococcus. mCe^. 
Rochal^naea. Roseomonas. Bo,hla. Rumtnococcus. Salmonella. SeUnomona, 

25 IT ?' SHige " a - Sphlngobacterlum, 

ST T n * 8 ~~ l Ih »»-5-» Tsakamurella. Turlcella. 

*ZTb7 r s ~' Vei " meUa - nbrto ' WeekseUa ' WoU ^ ^omonas. 

Xenorhabdus, Yersinia and Yokenella 

30 

For example, a bacterial infeetien is eaused by a bacterid selected from the group 

35 o*^^. ra ^ ac , ^ 

^mo^cer vfcco^, ^ W creatinolythm , ^ 
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Arthrobacter W ol UW ensis, Bacillus anthracis, Bacillus cereus. Bacillus circulans 
Bacnllus coagulans, Bacillus licheniformis, Bacillus megaterium, Bacillus myroides' 
Bacdluspumilus, Bacillus sphaericus, Bacillus subUlis, Bacillus thuringiensis, Barrel* 
afoeln Borrelia andersonii, Borrelia bissettii, Borrelia burgdorferi, Borrelia garinii 
5 Borreha japonica, Borrelia lusitaniae, Borrelia tanuMi, Borrelia turdi, Borrelia 
valawana Borrelia caucasica, Borrelia crocidurae. Borrelia recurrent, Borrelia 
duttom Borrelia graingeri, Borrelia hermsii, Borrelia hispanica. Borrelia latyschevni 
Borreha mazzottii, Borrelia parkeri, Borrelia persica, Borrelia recurrent, Borrelia 

10 BoTn VeneZUelemi ' bronchiseptica, Bordetella hinzii, 

10 Bordetella holmseii, Bordetella parapertussis. Bordetella pertussis, Bordetella 
trematum, Clostridium absonum, Clostridium argentinense, Clostridium baratii, 
Clostr^um bifermentans, Clostridium beijerinckii, Clostridium butyricum, Clostridium 
cadaver*, Clostridium camis, Clostridium celatum, Clostridium clostridioforme, 

15 2Tr? Z 7' Cl ° SMdiUm C ° CleatUm ' Cl ° StridiUm *** ^stridium 
ghom. Clostndtum glycolicum, Clostridium haemolyticum, Clostridium hastiforme 

Clostn^um histolyticum, Clostridium indolis, Clostridium innocuum, Clostridium 
uregulare, Clostridium leptum, Clostridium limosum, Clostridium malenominatum, 
Clostndtum novyi, Clostridium oroticum, Clostridium paraputrificum, Clostridium 
20 CI f? m PUtrefaSCiens ' Clostridium ramosum, Clostridium septicum, 

20 Clostridium sordelii, Clostridium sphenoides, Clostridium sporogenes, Clostridium 
subtemunale Clostridium symbiosum, Clostridium tertium, Escherichia call 
Escherichia fergusonn, Escherichia hermanii, Escherichia vulneris, Enterococcus 
avium, Enterococcus casseliflavus, Enterococcus cecorum, Enterococcus dispar 
Enterococcus durans, Enterococcus faecalis, Enterococcus faecium, Enterococcus 
25 flavescens, Enterococcus gallinarum, Enterococcus hirae, Enterococcus malodoratus 
Enterococcus mundtii, Enterococcus pseudoavium, Enterococcus raffinosus' 
Enterococcus solitarius, Haemophilus aegyptius, Haemophilus aphrophilus' 
Haemophilus paraphrophilus, Haemophilus parainfluenzae, Haemophilus segnis 

30 ZZ^Vb T\ Haem0pWm «* omitholytica, Klebsiella 

30 oxytoca, Klebsiella planticola, Klebsiella pneumoniae, Klebsiella ozaenae. Klebsiella 
terngena, Lysteria ivanovii, Lysteria monocytogenes, Mycobacterium abscessus 
Mycobacterium africanum, Mycobacterium alvei, Mycobacterium asiaticum 
Mycobacterium aurum, Mycobacterium avium, Mycobacterium bohemicum 
Mycobacterium bovis. Mycobacterium branderi. Mycobacterium brumae 
35 Mycobacterium celatum, Mycobacterium chelonae, Mycobacterium chubense 
Mycobacterium confluent*, Mycobacterium conspicuum, Mycobacterium cookii 
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,/ . Mycobacterium genavense, Mycobacterium eordmn* 

^ MycobacteHum m ^ mm ;Z7^ZZ 

—r^ir^r tr — ^ = 

^cooactenu^ nonchromogenicum, Mycobacterium vereerinum 

M^tem™ OTmae , j^^^ Mycobacterium szuteai 

Mycobacienun. terrae, Mycobacteria ihennoresistabile, MycobaJZn rtZ 
^le. Mycobacterium tuberculosis, Myibac^Z 

^rCj^ 0 ""/^*- Pseudomonas 

30 szr *** *** sh,geua 

its ssz: n^rz; r • 

a» p^tem. Staphylococcus saccharolyticm. Staphylococcus 
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saprophytics. Staphylococcus schleiferi schleiferi. Staphylococcus s. coagulant 
S*phy,ococcus sciuri . Staphylococcus sunulans. Staphylococcus ZneH 
Staphylococcus xylosus. Streptococcus agalactia*. Streptococcus canis, Streptococcus 
dysgalactae dysgalactiae. Streptococcus dysgalactae eguisimilis. Streptococcus eaui 
ecpu, S»eptococcus eaui zooepidemicus. Streptococcus iniae. Streptococcus porcinus 

ZtluT" r*™- "»~ *rep«>coccus consKllatus 

constelUuus. S^-eptococcus constellatus pharyngitis. Sreptococcus intennedius 
So-eptococcus nms. Streptococcus oralis. Sreptococcus sanguinis. Streptococcus 
cnsuuus. Streptococcus gordonii. Streptococcus parasanguinis. S»eptococcus 
10 partus. Streptococcus vestibularis. Streptococcus cricet, Streptococci mutans 

7r7JZ° Ca " 'I"" 1 , **** *r<P><>coccus acUominimus. 

Sj^tococcus bovts Streptococcus eauinus. Streptococcus pneumoniae. Streptococcus 
su^ Vtoru, alguv.fyHcus, K carchariae. Vibrio ckolerae. C. cincinnaHensis. Vibrio 

15 1Z vt" ' fiUV T' mri0jimU ^"- rWrtohoUisae, Vibrio meHchnihovii. Vibrio 
runucus.Vibnoparahaemolyncus, Vibrio vulnificus. Yersinia pesUs. Yersinia aldose 
Yersuuaberconcrt. Yersinia enterocoUHca. Yersinia frederiksenii. Yersinia intermedia 
Yersrma knstensenii. Yersinia mollaretii, Yersinia pseudotuberculosis and Yersinia 

20 As exemplified hereto, fce method of ^ presmt ^ h ^ fc . 

~ge.Be protein from Pseudomonas aeruginosa or Mycobacterium tuberculosis 
2% ^"^^^8 ftactioa derived from a subjecr suffering from 
(and/or that has previously suffered from) said infection. 

25 Alternatively, an immunoglobulin containing fraction derived from a biological sample 
that .s/was denved from a subject altering from (or previously suffering torn) aTrL 
tnfecuon is useful for determining an immunogenic protein from sard virus F^r 
example, me subject may be suffering torn a viral infection, for example, by a virus 
from a fanuly selected from the group consisting of Astroviridae, Calidviridae 

30 P_ ua Togaviridae) mviyM ^ ^ P'aramyxvirida:; 

^r^-^f^ FUoviridae 
Reovmdae, Bornavmdae, Retroviridae, Poxviridae, Herpesviridae, Adenoviridae 
Papovavurdae, Parvoviridae, Hepadnaviridae,(eg., a virus seized from the gmup 
35 vZT ° f *. C « A-24 virus Adenovirus „, Ad enovirus 21, CoxsJL B 

u • SyDCytial Pa -M»^ virus, California 

encephahua vuus, human papilloma virus, varicella zoster virus, Colorado tick fever 
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virus, Herpes Simplex Virus, vaccinia virus, parainfluenza virus 1, parainfluenza virus 
2, parainfluenza virus 3, dengue virus, Ebola virus, Parvovirus B19 Coxsackie A-16 
virus, HSV-1, hepatitis A virus, hepatitis B virus,hepatitis C virus, hepatitis D virus 
hepatitis E virus, human immunodeficiency virus, Coxsackie B1-B5, Influenza viruses' 
A, B or C, LaCross virus, Lassavirus, rubeola virus Coxsackie A or B virus, Echovirus 
lymphocytic choriomeningitis virus, HSV-2, mumps virus, Respiratory Synytial Virus' 
Epstem-Barr Virus, Poliovirus Enterovirus, rabies virus, rubivirus, variola virus, WEE 
virus, Yellow fever virus and varicella zoster virus). 

10 Alternatively, an immunoglobulin-containing fraction derived from a subject suffering 
from (or previously suffering from) a yeast or a fungal infection is useful for 
determining an immunogenic protein from said yeast or fungus. For example, a fungus 
or yeast that infects a host is selected from the group consisting of Aspergillus sp., 

15 sTT u T t0myCeS dermatitidis > Candid " Histoplasma capsular, 
15 Sporothnxschenckii, Histoplasma capsulatum and Dematiaceous Fungi. 

As used herein, the term "parasite" or "parasitology infection" shall be taken to mean 
an organism, whether unicellular or multicellular, other than a virus, bacterium, fungus 
oryeast mat is capable of infecting another organism, for example ahuman. Examples 

20 of such parasites include, for example, a parasite selected from the group consisting of 
Ancylostoma ceylanicum, Ancylostoma duodenale, Ascaris lumbricoides, Balantidium 
coll, Blastocyst hominis, Clonorchis sinensis, Cyclospora cayetanensis, Dientamoeba 
fragile Diphyllobothrium latum, Dipylidium caninum, Encephalitozoon intestinalis, 
Entamoeba histolytica, Enterobius vermicularis, Fasciola hepatica, Enterobius 

25 vermicularis, Fasciola hepatica, Fasciolopsis buski, Giardia intestinalis (syn. Giardia 
lamblia), Heterophyes heterophyes, Hymenolepis diminuta, Hymenolepis nana 
Isospora belli, Metagonimus yokogawai, Necator americanus, Opistorchis feline J 
Paragonimus westermani, Schistosoma haematobium, Schistosoma intercalatum 
Schistosoma japonicum, Schistosoma mansoni, Taenia saginata, Trichuris trichiura, 

30 Babesia divergent, Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale, 
Plasmodium vivax, Leishmania braziliensis and Leishmania donovani. 

The present invention is also useful for, for example, identifying a protein against 
which a subject suffering from an autoimmune condition has raised an immune 
35 response By "autoimmune condition" is meant that the immune system of a subject 
has raised one or more specific antibodies against one or more cellular components, eg 
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protems, of the subject. Tie term autoimmune condition encompasses bo* 
automunune diseases and .hose aspect of a disease or disorder or infection thai are 
amended w.4 an autoimmune response. For examp.e, in cases of chronic 
mflammation tire nnmune system of a subject may raise specific antibodies against 
5 umammatory protems of that subject, as observed in a CF subject suffering ftom or that 
has previously suffered from an acute clinical exacerbation. 

The present invention is useful for identifying a protein or fragment thereof against 

example fhe present invention is useful for identifying an immunogenic protein or 
fragment thereof m a subject suffering ftom an autoimmune disease selected of the 

SaLT^" 8 ° f J . rheUma ' 0id «■"*• typcl diabetes, 

mfl^nmatery bowe! disease, Crohn's Disease, ukerative colitis, systemic .up™ 
^ematosus psoriasis, scleroderma, autoimmune thyroid disease, control nervous 
15 system vasculitis, and autoimmune myositis. 

Furthermore, as stated supra the present invention is useful for identifying a protein 
agains, which a subject has raised an immune response during an autoimmune 
20 ZT M mmm-i herein, such an approach is useful for 

identifying an immunogenic protein ftom,a subject againsf which the subject has raised 
on automunune response, wherein the subject suffers ftom an inflammatory condition, 
for example an acute clinical exacerbation of a CF subject. 

As used herein, the tenn "inflammatory condition" shall be understood to mean a state 
25 that ■ characterised by one or more changes in the physical appearance of functions of 
a portion of a subject, such as, for examp.e, dflation of blood vessels with increased 
P^eabdity and blood flow, exudation of fluids (e.g. plasma proteins), leukocytic 
mfitation, swellmg and/or loss of function. Furthermore, an inflammatory condition 

30 Zl" „ ° f "* &r ™^ Wsteinme,Ldykinm, 

30 serotonm, mflammatory cytokines and others causing Wood vessels to leak fluid into an 

mflamed tissue resulting in locsliz*. awaiting In one example, an inflammatory 

condition is a pulmonary inflammatory condition. 

As used herein the term "acute clinical exacerbation", "acute exacerbation", "clinical 
35 execration", "exacerbation", or "exacerbated state" in fhe context of a CF patien, 
shall be understood (o mean an exaggeration of a pulmonary symptom of CF 
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In a further application of the present invention, the method is used to determine an 
immunogenic protein from a subject suffering from a cancer. Cancer cells aberrantly 
express some proteins or fragments of proteins. Accordingly, an antibody response is 
5 often raised against such aberrantly expressed proteins or fragments. Using the method 
of the present invention diagnostic and/or therapeutic markers of cancers are identified 
For example, the present invention is useful for determining an immunogenic protein 
from a cancer selected from the group consisting of bladder cancer, breast cancer 
colorectal cancer, endometrial cancer, head & neck cancer, leukemia, lung cancer 

10 lymphoma, melanoma, non-small-cell lung cancer, ovarian cancer, prostate cancer' 
acute lymphocytic leukemia, adult acute myeloid leukemia, adult non-Hodgkin's 
ymphoma, brain tumor, cervical cancer, childhood sarcoma, chronic lymphocytic 
leukemia, chronic myeloid leukemia, oesophageal cancer, hairy cell leukemia, kidney 
eancer, liver cancer, multiple myeloma, neuroblastoma, oral cancer, pancreatic cancer 

15 primary central nervous system lymphoma, skin cancer and small-cell lung cancer. 

An example of the present invention additionally comprises immunizing a subject with 
one or more cells or an extract thereof comprising the immunogenic protein or 
fragment thereof to thereby elicity an immune response to the immunogenic protein or 

20 fragment thereof. This method is useful for, for example, determining an immunogenic 
protein from an infectious organism. For example, the subject is immunized with a 
sample of the infectious organism (eg. the organism itself whether alive or dead or an 
extract derived from the organism eg. a protein extract). The subject is then allowed 
sufficient time to develop an immune response against said sample, and the method of 

25 the present invention performed to identify an immunogenic protein. 

As will be apparent to the skilled artisan, the sample may be administered in the 
presence of a compound that enhances the level of an immune response against the 
sample, for example, an adjuvant. Adjuvants are known in the art and include for 
30 example, Freund's complete or incomplete adjuvant, lysolecithin or dinitrophenol. ' 

For example, a subject is immunized with one or more cells selected from the group 
consisting of viral cells, bacterial cells, yeast cells, fungal cells and cells from a 
parasite. Suitable cell extracts are, for example, selected from the group consisting of 
35 an extract from a virus, an extract from a bacterium, an extract from a yeast, and extract 
from a fungus and an extract from a parasite or mixtures thereof. Examples of such 
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infectious organisms are described herein. For example, the present inventors have 
demonstrated that by immunizing a chicken with an extract from Mycobacterium (ie 
Mycobacterium tuberculosis) specific antibodies are raised against proteins from thai 
organism in an egg produced by the chicken. 

In an alternative form of the invention the subject is immunized with, for example a 
cancer cell. ' * ' 



Obtaining an immi m og i 0 buii n . cnnt ai - njnp faction 

10 The method of the invention comprises obtaining the protein complex or 
mmaunoglobulm-containing fraction from a subject, and/or from a biological sample 
derived from or produced by the subject. For example, the protein complex or 
inununoglobulm-containmg fraction is obtained by a process comprising separating or 
punfymg a sample from or produced by the subject to thereby provide said protein 

15 complex or immunoglobulm-containing fraction. 

Methods for separating or purifying a sample from or produced by the subject to 
thereby provide an iinmunoglobulm-containing fraction are known in the art and 
include, for example, precipitation using, for example, ethanol, polyethylene glycol, 
20 lyotropic (anti-chaotropic) salts such as ammonium sulfate and potassium phosphate. 

Alternatively, or in addition, an immunoglobulm-containing fraction is isolated or 
purified from a biological sample by ion exchange chromatography or affinity 
chromatography, essentially as described in Burnouf and Radosevich, J Biochem 
25 Biophys Methods, 49(1-3), 575-86,2001. 

A method that facilitates isolation or purification of an immunoglobulin containing 
fraction comprises contacting the sample with one or more compounds capable of 
bmdmg an immunoglobulin for a time and under conditions sufficient for binding to 
30 occur and isolating the compound. 

While not essential to the performance of the method of the present invention, one or 
more compounds that is/are previously immobilized on a solid support, matrix or resin 
such as, for example, a solid support, matrix or resin selected from the group consisting 
35 of cellulose bead, agarose, nylon, magnetic particle, paramagnetic particle and 
polymeric resin facilitates obtaining an inmaunoglobulm-containing fraction Such 
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immobilized compounds facilitate more rapid isolation of protein complex or 
immunoglobulm-containing fraction and allows for washing of the solid support to 
remove non-specificaUy bound or unbound components of a biological sample eg a 
protein. * ' 6 * 

For example, an immunoglobulin containing fraction is isolated or purified from a 
biological sample by hydrophobic chromatography, essentially as described in for 
example, Doellgast and Plout, Immunochemistry, 13(2), 135-139, 1976. Such a method 
utilises a matrix that binds an immunoglobulin in the presence of lyotropic salts 
Inotropic salts are added to a biological sample derived from a subject and this sample 
contacted to said matrix. An immunoglobulin is then released from said matrix by 
reducing the concentration of lyotropic salts in a sample in a stepwise manner. 

Thiophilic adsorption chromatography, essentially as described in Porath et al, FEBS 
15 Letters, 185, 306, 1985 and Knudsen et al, Analytical Biochemistry, 201, 170 1992 is 
also useful for isolating an immunoglobulm-containing fraction from a biological 
sample. This method essentially comprises the use of divinyl sulfone activated agarose 
to which has been bound one or more ligand comprising a free mercapto- group. These 
hgands specifically bind an immunoglobulin in the presence of potassium sulfate. Such 
20 hgands include, for example 2-mercaptopyridine, 2-mercaptopyrimidine, and 2- 
mercaptothiazoline. Again, an immunoglobulin is released from a ligand by reducing 
the concentration of a lyotropic salt (ie potassium sulfate) in a sample. 

Thiophilic resin is Commercially available, for example, from BD Biosciences. In 
25 using such a thiophilic resin, an immunoglobulin containing sample is mixed with a 
salt, such as, for example, potassium sulfate, sodium sulfate and/or ammonium sulfate 
Samples are then contacted with a thiophilic resin for a time and under condition 
sufficient for binding of an immunoglobulin in the sample. Samples are optionally 
washed to remove unbound or non-specifically bound protein and immunoglobulin 
30 isolated from the resin by elution with a low concentration of salt. Thiophilic resins 
permit purification of immunoglobulin by, for example, gravity-flow purification or 
batch-flow purification. 

A. matrix, such as, for example, that described in US Patent No. 6,498,016 is also useful 
35 for the isolation of an immunoglobulm-containing fraction from a biological sample 
Such a matrix comprises a solid phase backbone, such as, for example cellulose 
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agarose, dextran based beads or organic polymers; optionally a spacer element; and a 
hgand comprising an aromatic or a heteroaromatic group, preferably, a benzene ring 
fused with a heteroaromatic ring system. Such a matrix does not require the use of a 
lyotropic salt, rather it is capable of binding an immunoglobulin under neutral 
5 conditions. An immunoglobulin is eluted or dissociated from such a matrix using 
conditions known in the art, such as, for example, washing the matrix with a buffer 
with a reduced pH, for example glycine, pH3. 

Recombinant or synthetic protein or peptide ligands are also useful for the isolation of 
10 an inimunoglobulm-containing fraction. Such ligands are known in the art and 
described, for example, in Ngo and Khatter, Appl Biochem BiotechnoU0:\U-U9 
1999; Verdoliva etal, J Immunol Methods. 271:77-88, 2002 or Kabir, Immunol Invest' 
37:263-278, 2002. 

15 Alternatively, or in addition, an immunoglobulm-contaming fraction is separated from 
other constituents by affinity chromatography on Kaptive-M™-Sepharose. Those 
skilled in the art are aware that IgM binds to Kaptiv-M, the active constituent of which 
is a peptidomimetic compound that binds to IgM. Accordingly, a fraction comprising 
IgM and an immunogenic protein bound by IgM is isolated using this method 

20 

Alternatively, MBP-Sepharose is used. Those skilled in the art are aware that MBP 
binds to mannose residues present on the IgM Fc5n region, and, as a consequence, is 
specific for IgM. The initial step of binding is performed under native conditions so' as 
not to perturb any protein-protein interaction (e.g., MBP bound to antibody, or 
25 alternatively or in addition, an antibody-antigen interaction). IgM and an antigenic 
protein are eluted from the affinity matrix using a dissociating buffer, such as, for 
example, a buffer comprising a high salt concentration (e.g., 3M MgCl 2 in HEPES pH 
7.2) that releases the antibodies and immunogenic proteins as unbound components. 

30 Alternatively, an inimunoglobulm-^ntaining fraction, for example an 
immunoglobulin G fraction is isolated from a biological sample essentially as described 
in Stewart et al. Vox Sanguinis, 83: 332-338, 2002. Essentially, this method is a 
membrane-based preparative electrophoretic technique that isolates proteins based on 
their molecular weight and charge. Polyacrylamide membranes with varying pore sizes 
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are used for size exclusion, whilst the P H of the electrophoresis buffer charges proteins 
depending upon their pi. Using this method immunoglobulin is isolated in a one-step 
or a two-step process. This method allows for the processing of large amounts of 
biological sample for the isolation of an irnmunoglobulm-containing fraction 

5 

Chromatographic media that comprise one or more synthetic ligands capable of binding 
an immunoglobulm-amtaining fraction, such as, for example, Alpha™ mixed-mode 
chromatographic media (LigoChem, Inc., Fairfield, NJ) or LigoSep® HTLC 
chromatographic media (LigoChem)is also useful for affinity purification of an 
10 irnmunoglobulm-containing fraction. 

As will be apparent to the skilled artisan, dye ligands are also useful for purification of 
an irnmunoglobulm-containing fraction or an immunoglobulin containing protein 
complex. Such dye ligands and methods for using same are described, for example, in 
15 Clonis, In: Clonis et al Eds. Reactive Dyes in Protein and Enzyme Technology, 
London. MacMillan Press, 1987. 

IgY is purified, for example, using a kit available from, for example, Afiland (Belgium) 
or Pierce (Rockford, IL). Such kits are preferably useful for isolating an IgY fraction 
20 from an egg or a derivative thereof or an extract thereof, eg. an egg yolk. Alternatively, 
a thiophilic resin is useful for isolating and IgY-wntaining fraction from an egg or a 
derivative thereof or an extract thereof. 

As exemplified herein, protein G and/or protein A and/or protein L are useful for 
25 isolating an immunoglobulin containing fraction. Methods for isolating an 
irnmunoglobulm-containing fraction or a protein complex comprising immunoglobulin 
using protein G are known in the art and are described, for example, in Bjorck and 
Kronvall, J. Immunol. 33(2), 969-974, 1984. Methods for isolation of an 
irnmunoglobulm-containing fraction or a protein complex comprising immunoglobulin 
using protein A are known in the art and are described, for example, in Hjelm et al 
FEBS Lett 28(1) 73-76 1972. Methods for isolating an immunoglobulin-containing 
fraction or a protein complex comprising immunoglobulin using protein L are known in 
the art and are described, for example, in Akerstrom and Bjorck J Biol Chem 264(33) 
19740-19746,1989. 



30 



35 
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An immunoglobulin-containing fraction is purified, for example, by affinity 
chromatography using, for example, a matrix, solid support, or resin bound to protein A 
and/or protein G and/or protein L, eg., protein-A Sepharose and/or protein-G 
Sepharose and/or protein L Sepharose (each of which are available from Amersham 
5 Pharmacia) or protein G agarose and/or protein A agarose and/or protein L agarose 
(each of which are available from Sigma Aldrich) or a magnetic bead conjugated to 
protein G and/or protein A (available from New England Biolabs). The initial step of 
binding is performed under native conditions so as not to perturb any protein-protein 
interaction (e.g., protein-A or protein-G bound to antibody, which is in turn bound to an 
10 immunogenic protein). The matrix is optionally be washed to remove any unbound or 
non-specifically bound protein. Antibodies are eluted from the protein-A, protein-G or 
protein-L using a dissociating buffer, such as, for example, a buffer comprising a high 
salt concentration (e.g., 3M MgCl 2 in HEPES pH 7.2) that releases the antibodies as 
unbound components. 



15 



As exemplified herein, an inmiunoglobulm-containing fraction is isolated using protein 
G or protein A. 

As used herein, the term "protein G" shall be taken to include a protein comprising one 
20 or more natural IgG-binding domains of protein G, a hybrid or fusion protein 
comprising an IgG-binding domain of a native or naturally-occurring protein G, or a 
mutant or variant of a native or naturally-occurring protein G that retains the ability of 
native protein G to bind IgG, or a fragment of a native or naturally-occurring protein G 
that retains the ability of native protein G to bind IgG. By way of exemplification, the 
25 amino acid sequence of a Protein G from Streptococcus is set forth in SEQ ID NO: 1 . 

An exemplary form of Protein G is derived from Streptococcus sp. Lancefield Group 
G. This protein has a molecular weight of approximately 23-kDa. Preferably, Protein 
G binds the Fc portion of IgGs from a variety of species such as, for example, human, 
30 and mouse. 

As used herein, the term "protein A" shall be taken to include a protein comprising one 
or more natural IgG-binding domains of protein A, a hybrid or fusion protein 
comprising an IgG-binding domain of a native or naturally-occurring protein A, or a 
35 mutant or variant of a native or naturaUy-occurring protein A that retains the ability of 
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native protein A to bind IgG, or a fragment of a native or naturally-occurring protein A 
that retains the ability of native protein A to bind IgG. By way of exemplification the 
amino acid sequence of Staphylococcus aureus Protein A is set forth in SEQ ID NO: 2. 

5 For example, a protein A comprises approximately five homologous IgG binding 
domains, each made up of approximately 60 amino acids. An exemplary form of 
Protein A has an isoelectric point of approximately 5.1. 

In one example, Protein A is capable of binding to the Fc region of an immunoglobulin 
10 molecule. 

Preferred Protein A is capable of binding rabbit, pig, mouse, rat, sheep, horse, goat, cat 
dog, human IgGl and/or IgG2 and/or IgG4 and/or IgM and/or IgA and/or IgE. 

15 As used herein, the term "protein L« shall be taken to include a protein comprising one 
or more natural antibody Ught-chain-binding domains of protein L, a hybrid or fusion 
protein comprising an antibody light-chain-binding domain of a native or naturally- 
occurring protein L, or a mutant or variant of a native or naturally-occurring protein L 
that retains the ability of native protein L to bind an antibody light-chain, or a fragment 

20 of a native or naturally-occurring protein L that retains the ability of native protein L to 
bind an antibody hght-chain. An exemplary Protein L is set forth in SEQ ID NO: 3. 

An exemplary Protein L is derived from Peptostreptococcus magnus. Such a protein 
has a molecular weight of approximately 36-kDa and contains four immunoglobulin 
25 binding domains. Such an exemplary Protein L primarily binds to immunoglobulin 
kappa light chains. 

Protein G and/or protein A and/or protein L referred to herein are obtained from a 
commercial source, or alternatively, produced by conventional means. Commercial 
30 sources will be known to those skilled in the art. 

For example, protein G, protein A and/or protein L are available from Amersham- 
Pharmacia, Castle Hill, NSW, AustraUa. 
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Alternatively, protein G or protein A or protein L are isolated using the methods 
described in US Patent No. 4,945,157, US Patent No. 6,555, 661 or US Patent No. 
4,876,194 respectively. Alternatively, recombinant protein G and/or protein A and/or 
protein L are produced using techniques known in the art, as described, for example, in 
5 Sambrook et al {In: Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratories, New York, Second Edition (1989), whole of Vols I, II, and III). For 
example recombinant protein G may be produced using a method described in US 
Patent No. 5,082,773. 

10 As will be apparent to the skilled artisan, attaching protein G, protein A and/or protein 
L to a solid support, resin or matrix facilitates affinity purification of an 
immunoglobulm-containing fraction or a protein complex comprising an 
immunoglobulin or mixtures thereof. A solid support, a resin or a matrix suitable for 
attachment of protein G, protein A and/or protein L include, for example, a solid phase 

15 support selected from the group consisting of a polymer having one or more hydroxyl 
groups, either free or in esterified form, such as agarose, cellulose, including cellulose 
esters (such as cellulose nitrate, diazocellulose, cellulose acetate and cellulose 
propionate), or acrylamide polymers or copolymers (such as polyacrylamide or 
acrylamide), microtitre plates, glass, polystyrene, polypropylene, polyethylene, dextran, 

20 nylon, agar, starch, or a chemically active membrane having a large surface area 
comprising a hydrophobic, microporous, skinless, polyamide membrane which is 
chemically bound to a residue of an activating agent which is capable of immobilizing 
a. protein G, protein A and/or protein L. 

25 Protein G, protein A and/or protein L is immobilized on a solid support, resin or matrix 
according to methods known to those of ordinary skill in the art. For example, a protein 
G, protein A and/or protein L is coated or bonded, either covalently or by adsorption, to 
a solid phase. Methods for immobilizing a protein to a solid phase support are taught, 
for example, in U.S. Pat No. 3,652,761, U.S. Pat. No. 3,879,262, U.S. Pat No 

30 3,986,217, and U.S. Pat No. 4,693,985. For example, a protein G, protein A and/or 
protein L are immobilized to tresyl activated or cyanogen bromide activated agarose or 
a maleimide-activated agarose support. This support is prepared, for example, by 
treating agarose modified to contain primary amino groups (in particular AH- 
Sepharose, Pharmacia Co.) with sulfosuccinimidyl-4-(p-maleimidophenyl) butyrate. 

3 5 
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Irnmobilised protein G and/or protein A and/or protein L is useful for affinity 
purification of an immunoglobulin. Affinity purification techniques are known in the 
art and are described, for example, in Scopes (In: Protein purification: principles and 
practice, Third Edition, Springer Verlag, 1994). Methods for affinity purification 
typically involve contacting a biological sample isolated from a subject or a sample 
derived from or produced by the subject to an immobilised Protein G, Protein A and/or 
Protein L, and, (optionally) following washing to remove any unbound or non- 
specifically bound protein, eluting an immunoglobulin that is bound to a Protein G 
and/or Protein A and/or Protein L. 



Alternatively, a protein G and/or protein A and/or protein L is covalently bound to a 
molecule, such as, for example, biotin. Accordingly, an affinity purification method 
involving such a conjugated protein G, protein A and/or protein L, uses, for example 
streptavidin that has been conjugated to a solid support to bind, or capture a conjugated 
15 protein G and/or protein A and/or protein L. 

Alternatively, a protein G and/or protein A and/or protein L is covalently linked to a 
magnetic or paramagnetic bead, such as for example a Dynabead® (available from 
Dynal Biotech, Oslo, Norway). By contacting a biological sample derived from or 
20 produced by a subject with such a linked protein G, protein A and/or protein L and 
subsequently exposing the sample to a magnetic or paramagnetic field an 
immunoglobulin fraction or a protein complex comprising an immunoglobulin or 
mixtures thereof is isolated. 



25 



30 



Alternatively, protein G, protein A and/or protein L is contacted with a biological 
sample derived from a subject for a time and under conditions that allow said protein 
G, protein A or protein L to bind to an inmiunoglobulm-containing fraction This 
sample is men contacted with an antibody that specifically binds to a protein G and/or 
protem A and/or protein L. Preferably, this antibody is bound to a solid support or 
another means that facilitates isolation of a protein G and/or protein A and/or protein L 
from a biological sample, such as for example, agarose, a plastic solid support or a 
glass solid support. Polyclonal antibodies that specifically bind protein G or protein A 
or protem L are available from, for example, Sapphire Bioscience, Crows Nest, NSW 
Australia. ' 
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A mimetic of protein G or protein A or protein L is also useful for isolating a protein 
complex comprising an immunoglobulin or mixtures thereof or an immunoglobulin 
containing fraction thereof. Such a mimetic is known in the art and/or described for 
example, in Kabir, Immunol Invest;31: :263-78, 2002 or Dowd et al., Nat Biotechnol 
i*190-5, 1998. For example, a peptide mimetic of protein A comprises an amino acid 
sequence EQQNAFYEILHLPNLNEEQR (SEQ ID NO- 4) or 
RTYRTYRTYRTYKKKG (SEQ ID NO: 5) 

Alternatively, an immunogenic protein is obtained from a biological sample using a 
10 protein chip. To produce such a protein chip, a protein that is able to bind an 
mununoglobulin of interest, such as, for example protein G, protein A and/or protein L 
is bound to a solid support such as for example glass, polycarbonate, 
polytetrafluoroethylene, polystyrene, silicon oxide, metal or silicon nitride. This 
immobilization is either direct (e.g. by covalent linkage, such as, for example, Schiff s 
15 base formation, disulfide linkage, or amide or urea bond formation) or indirect 
Methods of generating a protein chip are known in the art and are described in for 
example U.S. Patent Application No. 20020136821, 20020192654, 20020102617 and 
U.S. Patent No. 6,391,625. To bind a protein to a solid support it is often necessary to 
treat the solid support so as to create chemically reactive groups on the surface, such as 
20 for example, with an aldehyde-ccntaining silane reagent. Alternatively, a protein that is 
ab e to bind an immunoglobulin of interest may be captured on a microfabricated 
polyacrylamide gel pad and accelerated into the gel using microelectrophoresis as 
described in, Arenkov et al. Anal. Biochem. 275:123-131, 2000. 

25 ****** ^ ^^o^obulin-c^taininfr fraction to an im munoj^ bjndjng 
compound 5 

In one form, the method of the invention additionally comprises linking of the 
mununoglobulm-containing fraction or protein complex comprising an 
immunoglobulin to the compound used to bind the immunoglobulin * 



30 



35 



A means by which to bind the immunoglobulm-containing fraction to a compound is by 
using ; hychazide. Such a method is performed essentially as described in O'Shannessy 
and Hoffmann, Biotechnol. Appl. Biochem. 9(6), 488-496, 1987. -Essentially this 
method comprises isolating an immunoglobulin using a method known in the art and/or 
described herein, and oxidising said immunoglobulin with sodium periodate. This 
oxidisation causes formation of aldehydes on any oligosaccharide moiety. An oxidised 
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sample is then contacted with a hydrazide-derivatized solid support. This causes the 
formation of a stable hydrazone linkage between an oxidised immunoglobulin and said 
solid support. A suitable solid supports includes, for example, agarose, a glass bead or 
a polystyrene, polypropylene or polycarbonate bead or a microtitre plate As a 
5 hydrazone bond is stable, even at low P H ranges, such a method allows for dissociation 
of an immunogenic protein from the immunoglobulin-(x>ntaining fraction by a method 
known in the art and/or described herein. 

In one exemplified form of me method of the invention linking an immunoglobulin- 
10 containing fraction or a protein complex to a compound that binds an immunoglobulin 
comprises contacting a cross-linking agent with the one or more compounds having the 
immunoglobulin bound thereto for a time and under conditions sufficient for covalent 
linkage to occur between a compound and the immunoglobulin to occur. 

15 For example, a protein comprising an immunoglobulin or mixtures thereof or an 
immunoglobulin containing fraction thereof is linked to an immunoglobulin binding 
compound using a photoreactive CT oss-linking reagent. Such photoreactive cross- 
linking reagents include, for example, a aryl azide (upon iUumination an aryl azide 
generates reactive intermediates that form bonds with nucleophilic groups), a 

20 fluonnated aryl azides (that upon UV photolysis generates reactive nitrenes) or a 
benzophenone derivative. For example, a suitable photoreactive cross-linking reagent 
is selected from the group consisting of JV-((2-pyridyldithio)emyl)-4-azido S aticylamide 
(PEAS), 4-Azido-2,3,5,6-tetrafluorobenzyl amine, a reactive derivative of 4-azido- 
2,3,5,6-tetrafluorobenzoic acid, Benzophenone maleimide and benzophenone 

25 isothiocyanate. Following addition of a photoreactive cross-linking reagent the sample 
is exposed to UV light for a time and under conditions sufficient for the formation of a 
bond between the immunoglobulin binding compound and the immunoglobulin fraction 
bound thereto. 

30 Alternatively, a suitable cross-linking agent is, for example, selected from the group 
consisting of an imidoester cross-linker, a N-hydroxysuccimmide cross-linker, a 
maleimide cross-linker, a haloacetyl cross-linker, a hydrazide cross-linker, and a 
carbodiimide cross-linker. 

35 For example, an imidoester cross-linker react with amine groups at an alkaline P H 
causing formation of an amidine bond. A homobifunctional imidoester is useful for 
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cross-lmking proteins as the net electric charge of the protein is maintained after cross- 
ing. A suitable imidoester cross-linker is selected from the group consisting of 
drniethyladipimidate-2-HCl (DMA), dimethylpimelimidateHCl (DMP) 

dnnethylsuberimidate-2HCl (DMS) and dimethyl S^^dithiobispropionimidate ^Ha 
(DTBP). 

Maleimides are also useful for cross-linking an immunoglobulm-containing fraction or 
a protein complex comprising an immunoglobulin with an immunoglobulin binding 
compound. Maleimides specifically react with a sulfhydryl group at an approximately 
neutral pH. However, maleimides also react with amine groups, albeit at a slower rate 
than with sulfhydryl groups. Maleimides form a stable thioester linkage with the 
reacted sulfhydryl group that cannot be cleaved under normal physiological conditions. 
An example of a suitable maleimide cross-linker is selected from the group consisting 

-carboxylate (SMCC), sulfo- 
15 succinimidyl 4-(N-maleimidomethyl)cyclohexane-l -carboxylate (sulfo-SMCC) m - 
malermidobenzoyl-N-hydroxy^ccinimide ester (MBS), sulfo-maleimidobenzoyl-N- 
hydmxysuccinimide ester (sulfo-MBS), succinimidyl 4-(p-maleimidophenyl)-butyrate 
(SMBP), smfo-succinimidyl 4-(p-maleimidophenyl)-butyrate (sulfo-SMBP) 
bismaleimidohexane (BMH), N-(g-maleinndobutyryloxy)succinimide ester (GMBS) 
20 andsmfo-NKg-maleimidobutyryloxy) S uccinimide^ 

Alternatively, or in addition, a haloacetyl cross-linker is used to cross-link an 
mimunoglobulm-containing fraction or a protein complex comprising an 
immunoglobulin with an immunoglobulin binding compound. The majority of 
commonly used a-haloacetyl cross-linker comprise an iodoacetyl group. Reaction of 
such a iodoacetyl group with a sulfhydryl group at a physiological pH proceeds by 
nucleophihc substitution of iodine with a thiol producing a stable thioester linkage A 
haloacetyl cross-linker suitable for the method of the present invention includes for 
example, a N-sucxinimidyl (4-iodacetyl)aminobenzoate (SIAB) or sulfo-N- 
30 suc;cinimidyl(4-iodacettf^ 

A pyridyl disulfide cross-linker useful for crosslinking an inmaunoglobmm-containing 
fraction or a protein complex comprising an immunoglobulin with an immunoglobulin 
binding compound is, for example, selected from the group consisting of 1 4-Di-[3'-2'- 
35 pyndyldithio-(propionamido)butane] (DPDPB), 4-succinimidyl-oxycarbon y l-a-(2- 
pyndyldithio)toluene (SMPT), satosaoMM 



25 
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tluamidojhexanoate (sulfo-LC-SMPT), ^co^yl^yrodyl^oypro^natc 
succinimidyl 6.[3-(2-pyridyldithio)-propionamido]hexanoate (LC SPDP)' 

slufosuccinimidyl 6-[3-(2-pyridyldithio)-propionamido]hexanoate (sulfo-LC-SPDP) 
and 3-(2-pyndyldithio)-propionyl hydrazide (PDPH). Pyridyl disulfides react with 
5 ahpatbxc fciols at a weakly acidic P H (eg. between about pH 4 to pH 5), however 
neutral pH can be used, to produce a disulfide bond. 

A carbodiimide cross-linker is also useful for linking an inununoglobulin-containing 
fiction or a protein complex comprising an immunoglobulin with an immunoglobulin 

10 bmdmg compound. Carbodiimides couple carboxyls to primary amines or hydrazides 
causing the formation of amide or hydrazone bonds. Carbodiimides do not form I 
cross^ridge between coupled molecules, unlike many other cross-linking reagents. An 
examp e of a smtable carbodiimide cross-linker is selected from the group consisting of 
l-emyl-3-(3-dnne%lammopropyl)-carbodiimide hydrochloride (EDC) NN' 

15 *cyclohexylcarbodiimide^^ ' ' 

As exemplified herein a N-hydroxysuccinimide (NHS) cross-linker is useful for linking 
an inununoglobulm-containing fraction or a protein complex comprising an 
immunoglobulin with an immunoglobulin binding compound. A NHS cross-linker 

20 generally interacts with primary amines, such as, for example an a-amine group on the 
N-termmus of a protein, however s-amines also interact with NHS-esters. A covalent 
amide bond is formed when the NHS cross-linker interacts or reacts with a primary 
amine and releases N-hydroxysuccinimide. By way of exemplification, a suitable NHS 
cross-hnker is selected from the group consisting of msuccinimidyl glutarate (DSG), 

25 disuccimmidyl suberate (DSS), Bis (sulfosuccinimidyl) suberate (BS 3 ), dithiobis 
(succinimidyl propionate) (DSP), 3, 3' - dithiobis (succinimidyl propionate) (DTSSP) 
ethylene glycobis (succinimidyl succinate) (EGS), ethylene glycobis (sulfo- 
succimmidylsuccinate) (sulfo-EGS), disuccinimidyl tartarate (DST) 

30 ^TT^ (SUlf0 ' DST >' ^-(succimmidyloxy-carbonyloxy; 

30 ethyllsulfone (BSOCOES), bi s[ 2-(sulfosuccinimidyloxy-carbonyloxy) ethyl]sulfone 

™ 4 «euni domethyl) cycloL^ll-c^l 

T ^nT °-^inimidyl 4-(N-maleimidomethyl) cyclohexane-l-carboxylate 
(sutfo-SMCC), m-maleimido benzoyl-N-hydroxysuccinimide ester (MBS) m- 
mdeimido benz^yl-N-hydroxysmfosuccinimide ester (sulfo-MBS), succinimidyl' 4-(p- 
35 maleimidophenyD-butyrate (SMBP), sulfo-succinimidyl 4-(p-maleimidophenyn- 
butyrate (sulfo-SMBP), bismaleimidohexane (BMH) N (g 
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mdeimidobutyxyloxy)succininude ester (GMBS) and N.(g-maleimidobutyxyloxy) 
sulfosuccintmide ester (sulfo-GMBS). 

As exemplified herein, msuccinimidyl suberate (DSS) is useful for cross-linking an 
5 inununoglobuhn containing protein complex or an inmunoglobuli^containing fraction 
with an nnmunoglobulin binding compound, such as, for example protein G For 
example, an immunoglobulin-containing fraction is isolated from a biological sample 
denved from a subject (eg. serum) using, for example, protein G Sepharose, L 
bound mmunoglobuhn-contaunng fraction is men cross-linked to me protein G by 

amount raTT- ° T" Motion with a stnteble 

amoun. of DSS for a time and under conditions for an amide bond to form between the 
protein G and the immunoglobulin-containing fraction. 

Separating an immnnorenio protein fa, ™ immunnplnhnli., 

15 ZZZTT^S** 1 m fta9nmt to te to 0M fcm ° f *» 

mv«tti„n „ ts destrable to separate said immunogenic protein or fragment thereof from 

me m^unoglobulm-containing fraction to which i, is bound by virtue of an antigen- 

antibody mteractiom For example, the immunogenic protein or fragment thereof is 

separated from an inununog.obulin-containing fraction or a pmtein complex 

20 comprtsmg an nnmunoglobulin or mixtores thereof by contacting the pnotein complex 

compnsmg an tmtnunoglobulm or mixtures thereof or an mmtunoglobulin-containmg 
taction .hereof mlh . <xmpomi m ^ « 

hme an under conditions sufficient to disnjpt the antigen-antibody interaction. 

25 For example, an immunogenic protein is dissociated from an immunoglobulin to which 
*■ bound, pnor to further analysis. An immunogenic protein is considered to be 
dictated from an immunoglobulin, when i, fa no longer ^ „ ^ 
—globulm^ that is an immunoglobulin does no. form a non-covalen, bond (as 

30 sZ"^ ** ro)W f *° tomUn0 ^ - tagment thereof. Memoes for 

ZSlT" ~ **** (eg - M anabody) - taown ta * e « - 

atedescnbed, for example, in Scopes (In: Protein purification: principles and practice, 
Ttatd Edttion, Spnnger Verlag, !994). For example, an immunogenic protein fa 
grated from an immunogtobulm-containing fraction or a pLein compte* 
eomprrsmg an tmmunoglobulin or mixtures thereof by altering or modifying the pH of 
55 a sample mat comprises said immunoglobuun-containing fraction or aprTm complex 
compnsmg an immunoglobulin or mixtures thereof. Tie pH of said sample is altered 
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using, for example, glycine (eg., with a P H of approximately 3) or tnethanolamine 
(with a pH of approximately 1 1)) 

Alternatively or in addition, an immunogenic protein is separated from an 
5 nnmunog^obmm-c^ntaining fraction or a protein complex comprising an 
immunoglobulin or mixtures thereof by increasing the salt concentration of a sample 
compnsmg the innnunoglobulm-containing fraction or a protein complex comprising 
an immunoglobulin or mixtures thereof (for example, with 5M Lithium Chloride). 

10 Treating a sample comprising an inmiunoglobulm-containing fraction or a protein 
complex comprising an immunoglobulin or mixtures thereof with an ionic detergent 
(for example sodium-dodecyl sulfate (SDS)), and/or with a dissociating agent (for 
example urea) and/or with a chaotropic agent (for example thiocyanate) also separates 
an unmunogenic protein or fragment thereof from an inrnaunoglobulm-containing 

15 fraction or a protein complex comprising an immunoglobulin or mixtures thereof . 

As will be apparent to a skilled artisan a combination of such methods is also useful for 
separating an immunogenic protein or fragment thereof from an immunoglobulin- 
containing fraction or a protein complex comprising an immunoglobulin or mixtures 



25 



30 



m 6Xe "f f foim ° f ** ™^°«> an immunogenic protein is dissociated from an 
nnmunogobuhn-containing fraction or a protein complex comprising an 
nnmunoglobulm or mixtures thereof by reducing the pH of a sample comprising said 
immunogenic protein bound to said iinmunoglobulm-containing fraction or a protein 
complex comprising an immunoglobulin or mixtures thereof with glycine. For 
example the glycine is at a pH of about 1.5 to a pH of about 4, more preferably, a pH 

ImT 7 t0 " PH ° f ab ° Ut 2 7 " d m ° St PreferaWy " PH ° f ab ° Ut 23 to a PH of 

Alternatively, an immunogenic protein is isolated or dissociated from an 
inm.unoglobulm-containing fraction using caprylic acid and ammonium sulphate 
precipitation. Using such agents provides preparations that comprise essentially an 
immunoglobulin or an immunogenic protein. 
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By dissolving the inmunoglobulin-containing fraction in a dissociating buffer such as 
for example, a high-salt buffer (e.g., 3M MgCl 2 in / HEPES pH 7.2), an immunogenic 
protein or fragment thereof is released as unbound components. The immunogenic 
protein fraction and the inununoglobmm-containing fraction are then separated by, for 
5 example size exclusion chromatography, for example, using the dissociating buffer as 
an eluant to maintain the immunoglobulin components as unbound components. 

Alternatively, an immunoglobmin-containing fraction or a protein complex comprising 
an immunoglobulin or mixtures thereof is subjected to free-flow electrophoresis under 

10 denaturing conditions. A biological sample is clarified and the proteins are precipitated 
under conditions that leave immunoglobulin in solution. The immunoglobulin- 
containing fraction is then precipitated and redissolved in a suitable buffer, applied to a 
free-flow electrophoresis (FFE) device (e.g., Octopus™, Tecan™) for separation by 
continuous solution-phase isoelectric focusing, for example, essentially as described by 

15 Hoffman et al, Proteomics 1, 807-818, 2001). Fractions are obtained, eg., 
corresponding to an immunogenic protein or a fragment thereof, and exchanged into a 
suitable buffer (e.g., PBS) using PD-10 or fast-desalting columns (Amersham 
Biosciences) prior to further analysis to determine the identity of the immunogenic 
protein using methods well known in the art and/or described herein. 

20 

Isolation of an immunogenic protein anrf/nr »n ^^ uno g 1obn1in-^nt ai -n^ r 
Alternatively, or in addition to separating an immunogenic protein from an 
unmunoglobulm-containing fraction or a protein complex comprising an 
mimunoglobulin or mixtures thereof, such an immunogenic protein is, for example, 
25 isolated from the iinmunoglobulm-containing fraction or a protein complex comprising 
an immunoglobulin or mixtures thereof to which it was bound by virtue of an antigen- 
antibody interaction. 

Accordingly, the isolation of the immunogenic protein or fragment thereof and/or the 
30 inmaunoglobulm-containing fraction or a protein complex comprising an 
immunoglobulin or mixtures thereof is performed either after first separating said 
proteins/fractions or without separating said proteins/fractions. 
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A method for separating proteins is known in the art and described, for example in 
Scopes (In: Protein purification: principles and practice, Third Edition, Sprmeer 
Verlag, 1994). P S 



5 For example, an immunogenic protein is separated from an immunoglobulin following 
dissociation using native gel electrophoresis. As used herein the term "native gel 
electrophoresis" shall be taken to mean any form of electrophoresis that is performed 
under conditions that do not denature a protein, that is a protein that is electrophoresed 
retains its native size, conformation and/or charge. Accordingly, mobility of a protein 

10 usmg native gel electrophoresis depends upon both the charge of the protein and the 
hydrodynamic size of the protein. Such a method is of use in the separation of an 
immunogenic protein and an immunoglobulin, as, not only does native gel 
electrophoresis maintain the size, shape and charge of a protein, this method also 
allows proteins that normally interact to remain bound. As an immunoglobulin 

15 comprises two heavy chains and two light chains, it is expected that an 
immunoglobulin has a molecular weight of at least about 150 kDa (corresponding to 
the predicted molecular weight of IgG). Accordingly, electrophoresis of a sample 
prepared using the previously described method facilitates separation of an 
immunogenic protein or fragment thereof from an immunoglobmm-containing fraction. 

20 

For instance, a sample comprising an immunogenic protein and an immunoglobulin are 
electrophoresed using one dimensional native gel electrophoresis using techniques 
known in the art In such cases proteins are merely separated by their molecular weight 
and charge. Accordingly, such a method is of use in separating an immunoglobulin 
25 from a smaller immunogenic protein or fragment thereof. The immunogenic protein is 
then identified using a method known in the art and/or described herein. 

Alternatively, a sample comprising an immunogenic protein and an immunoglobulin is 
electrophoresed using native two-dimensional gel electrophoresis. For example 

30 protems are separated in one dimension using isoelectric focussing. Using such a 
method, proteins are separated by their isoelectric point, that is the pH at which the net 
charge of a protein is equal to zero. To separate proteins by their isoelectric point a 
sample is electrophoresed in a gel that comprises a pH gradient Under such 
conditions, a protein will move to a position on said gradient where its net charge is 

35 equal to zero. Following isoelectric focussing proteins are separated according to their 
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mass, using standard native gel electrophoresis. Accordingly, such a method is of use in 
the separation of an immunoglobulin from an immunogenic protein. 

Alternatively, an immunogenic protein is isolated from an immunoglobulin by 
5 dzssocxatmg said immunogenic protein from an immunoglobulin using a method known 
m the art and/or described herein and separating said immunogenic protein or a 
fragment thereof and said immunoglobulin using a gel filtration column. Such columns 
are available from commercial sources, such as, for example, Sigma-Aldrich or 
in f 1 ^; aCia Meth0dS ° f 861 filtration «*> known in the art and are 

^ T^' " SC ° PeS ^ Pr ° tein PUrification: P-^es and practice, 

Itad Edition, Sponger Verlag, 1994). Gel filtration chromatography separates 
proteins based upon their size. Such a method comprises contacting a sample to a 
column that comprises a solid matrix that consists of a specified pore size. Proteins 
^atareofasufficienfiylowmolecmarweightmovethroughmesepor^ 

15 be included, while those that do not are excluded. Proteins are eluted from said 
column, with those that are excluded eluting prior to those that are included 
Accordmgly, as an immunoglobulin in its native state is a relatively large molecule, it 
wiU ehite before an immunogenic protein or fragment thereof that has a lower 
molecular weight. Following collection of a sample comprising a immunogenic protein 

20 or fragment thereof, said sample is analysed/identified using a method known in the art 
and/or described herein. Alternatively, a sample comprising an immunogenic protein is 
separated usmg electrophoresis, for example native or denaturing one- or two- 
dunensional gel electrophoresis, prior to any analysis of said immunogenic protein. 

25 Alternatively, an immunogenic protein is isolated from an immunoglobulin following 
Association from said immunoglobulin using other methods of size exclusion, such as 
for example centrifogation using a size exclusion filter (for example as available from 
MUhpore), high performance liquid chromatography or reverse phase chromatography 
amongst others. y y ' 
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An immunogenic protein is also or alternatively separated from an immunoglobulin- 

ZTfn V* " Pr ° tein C ° mPleX °* oglobulin or mixtures 

thereof following association from said immunoglobulin using, for example, density 
gradient fractionation. Methods of fractionation using a density gradient are known Z 
the art. For example, proteins are separated using ultracentrifogation, where a sample 
is added to a linear sucrose gradient ranging, for example, from 5% to 20% and 
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subsequent centrifugation. AecoMiugly, proteins are separated with regard to 

eentnfugal force, fflenona! force and buoyant force. Using such a nX, 1 
mmrunogiobuhn is separated front an immunogenic p ro ,ein or figment 

a relahvely .urge protein. Fouowing separation front art SLunoglobu," 1 

~ semc protein 18 ^ ustas a ^ — - - « 

u^rf ^ he T , an ~ " *"<*<• «-*« *» an 

10 nnZol bT"° 8 fiaCa ° n ° r a «*« Wing .n 

rZtaf "If"" 68 dentuuring electrophoresis. D JLrin" 

electrophorests ts performed as described supra, however, .after than beiug perfZe^ 
under nahve conditions, reagents tha, denature proteins are inched in 7*^* 

denatured ustng, for example, detergent (eg SDS), or other denaturants fee 2 
15 mercaptoethanol, DTT and/or heat). aenaturants (eg 2- 

For example, an immunogenic protein is isolated from an immunoglobulin usinu 
-ducmg ; on^dbnensional gel elecfrophoresis, using methods known St^d 
20 10 ^ * *«* : PHucip.es £ 

are separated by their molecular weight. Accordingly, an immunogenic protein or 
fragment ta f ^ ta . moIecnlar ^ ^ ^ J-» 

ofannmnunoglobulin is readily detectable using this method. 

25 emb0dimen, • m Oogenic protein is isolated from an immunoglobulin 

two-dimensional gel electrophoresis. In accordance wf«h ^ 
-bodun™,, pmtems are separate for oxamp.e, by their isoelectric point or ne 

nnmunogemc protem or fragment thereof that has a different molecular weight and/or 
30 tsoelectnc point from tha, of an immunoglobtrlin light or heavy chain. 

nnmunogemc prolan from an nnmunoglobulin using reducing eiecfrophoresis an 
35 h^r° 8emC ^ iS """" "*« ' •» - - and^rZ ribS 
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In accordance with any of the previously mentioned embodiments relating to 
Association or separation of an immunogenic protein from an immunoglobulin a 
sample comprising an isolated immunogenic protein or fragment thereof may 
optionally be concentrated prior to further analysis. Methods of concentrating a protein 
5 are known to those skilled in the art, and include, for example, precipitation, freeze 
drying, use of funnel tube gels (TerBush and Novick, Journal of Biomolecular 
Techniques, 10(3); 1999), ultrafiltration or dialysis. 

1n * dentificati ™ of an immunogenic protein without dissociation from an mimunoglobulffl 
10 The present invention provides for the identification of an immunogenic protein or 
fragment thereof that has not been isolated from an inmiunoglobulm-containing 
fraction or a protein complex comprising an immunoglobulin or mixtures thereof. 

For example, an inmiunoglobulm-containing fraction is isolated from a biological 
15 sample derived from a subject using a method known in the art and/or described herein 
and the Fc region of said immunoglobulin is cleaved using a protease. For example a 
protease selected from the group consisting of, papain, elastase, SpeB and EndoS from 
Streptococcus pyogenes and pepsin. Both papain and elastase are commercially 
available from, for example, Merck, while pepsin is commercially available from 
20 Calzyme Laboratories, San Luis Obispo, CA, USA. 

In accordance with this embodiment, an immunogenic protein remains bound to a 
fragment of an immunoglobulin, and said complex is separated from the Fc region of 
said immunoglobulin. This sample is then analysed using a method known in the art 
25 and/or described herein. 

Alternatively, an immunogenic protein and a cleaved immunoglobulin are first 
separated using methods known in the art and/or described herein, such as for 
example, non-reducing or reducing one- or two-dimensional gel electrophoresis, prior 
30 to analysis to determine the identity of the immunogenic protein. 

Identification of an immnn o^nir protein or a fragment tW»nf 
Following capture and/or separation and/or isolation of an immunogenic protein or 
fragment thereof whether with an inimunoglobulm-containing fraction, or cleavage of 
an immunoglobulin and recovery of an immunogenic protein or fragment thereof, said 
immunogenic protein is analysed to determine the identity of said protein. Methods of 
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analysis of a protein in determine the identity of a protein are known in the art and 
include, for example, a method selected from the group consisting of Edman 
sequencing, mixed peptide sequencing, mass spectrometry including MALDI-TOF, ESI 
and ion trap analysis amongst others. 

5 

For example, the identity of an immunogenic protein is identified using Edman 
sequencmg (essentially as described by Edman, Arch. Biochem. Biophys., 22 475-483 
1949) to determine the N-terminal sequence of an immunogenic protein and comparing 
this sequence to a known sequence Such a method is useful for determining the 

10 identity of an immunogenic protein or a fragment thereof. Preferably, an immunogenic 
protein or a fragment thereof is separated from a contaminating molecule, such as for 
example another protein, prior to Edman sequencing. Following isolation of an 
immunogenic protein, the amino terminus of said protein is derivatized with 
phenyhsothiocyanate under basic conditions. For example, the base used in this step is 

15 * non-nucleophile such as, for example, This 
couphng step produces a phenylthiocarbamyl peptide or protein. The thiocarbonyl 
function of the phenylthiocarbamyl peptide or protein is a moderately strong 
nucleophile, and under acidic conditions it will cleave the carbonyl carbon of the 
adjacent peptide bond. This cleavage step results in the production of an 

20 amlothiazolinone of the terminal amino acid and leaves the original peptide or protein 
shortened by one amino acid residue. The anilothiazolinone of the terminal amino acid 
has different solubility properties from the peptide or protein. As such, it can be 
extracted and subjected to further analysis. The shortened peptide or protein again has a 
bare amino terminus, and, as a consequence, can be subjected to additional cycles of 

25 coupling, cleavage, and extraction. 

The extracted anilothiazolinone of the terminal amino acid, however, is not stable 
Under acidic aqueous conditions, anilothiazolinones rearrange rapidly to form more 
stable phenylthiohydantoins, which are amenable to analysis. A stable 
30 phenylthiohydantoin is then analyzed by, for example, UV absorption detection reverse 
phase high performance liquid chromatography, to determine the identity of the. 
terminal amino acid. 

Following determining the N-terminal sequence of an immunogenic protein, this 
35 sequence is compared to a database of sequences in order to determine whether or not 
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Such a database is available, for example, at NCBI. 

As used hereto the term "NCBI" shall be taken to mean the database „f the National 
Center for Biotechnology Information at the National Library of Medicine at the 
Nationa. Institutes of Health of me Government of the United States of America, 
Bethesda, MD, 20894. 



In determines whether or not two amino acid sequences fall within the defined 
10 percentage .dent.* limits supra, those skilled in the art will be aware that i, is possible 
to conduct a side-by-side comparison of the amino acid sequences. to such 
contpansons or ahgnments, differences will arise in the positioning of non-identical 
KStdues d^ding upon tire algorithm used to perform the alignment In the present 

15 TT T to PerCentage md Stailaiities betw «™ <» or more amino 

15 a*d fences shall be Ween to refer fo me number of identical and similar residues 
^pectivelv, befween said sciences as determined using any annua* algoriflun 
known to those skilled to foe art. to particutor, amino acid identities and surularftiest 

Park, Madmson^ W,sconsto, United States of America, eg., using the GAP program of 
20 Devereaux e, al Nuel Acids Res. ,2, 387-395, ,984, which utilizes foe ajgonfom of 

CLUSTAL W algonthm of Thompson et al.. Nucl. Acids Res. 22. 4673-4680 1994 is 

Z Z aUS " me '" ° f m,,ltiPle "■-» « * ™? ~>e 

25 " dTZn 5 number of identieaUsimUar residues and to minirnise foe number 

"s! be ^ ^ ta *• «"*' can 

aho be performed osing a variety of other commercially available sequence analysis 
programs, such as, for example, the BLAST program available at NCBI. 

30 n^nT Vdy " ^ tamUa ° geniC or «— f is identified using mixed- 

30 p^tide sequences, as described in Darner e, al, J. Biol. CHem. 273, 24396-24405 

Zd M ^ emb0dimCT, • 311 P-.ein is cleaved info 

Peptides ustng cyanogen bromide or skatole and foese peptides are sequenced using Z 
Edman sequencing method. 
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As exemplified herein, an immunogenic protein or fragment thereof is identified using 
mass spectrometry. For example, an immunogenic protein is separated using 
electrophoresis and, optionally, the immunogenic protein is digested with a protease 
prior to analysis with mass spectrometry. 

5 

For example, following separation of an immunogenic protein using electrophoresis, 
said protein is digested in the gel in which electrophoresis occurred. In-gel digestion of 
a protein, peptide or polypeptide enables more of said protein to be recovered from a 
gel than other methods such as for example electroblotting. Accordingly, the increased 
10 quantity of an immunogenic protein facilitates analysis of said protein. Methods of in- 
gel digestion are known in the art and are described, for example, in Schevenko et al, 
Anal. Chem., 68, 850-858, 1997. Furthermore, kits that facilitate in-gel digestion of a 
protein are commercially available, for example, from Millipore, Billerica, MA 01821 
USA. 



15 



Alternatively, or in addition, an immunogenic protein or a peptide thereof is purified 
and optionally concentrated prior to further analysis. For example, an immunogenic 
protein or a peptide thereof is purified using reverse-phase chromatography. 

20 In an alternative example, an immunogenic protein is not electrophoresed, rather a 
sample dissociated from an immunoglobulin is used for analysis. Optionally, an 
immunogenic protein is digested with a protease, such as, for example, trypsin, to 
facilitate analysis of peptides of an immunogenic protein or fragment thereof. 
Accordingly, following purification, and optionally concentration, such a sample is 

25 analysed by mass spectrometry. 

Following purification of an immunogenic protein or a peptide thereof, samples are 
ionised. 

30 For example, a sample is ionised using electrospray ionisation (ESI), essentially as 
described in, for example Fenn et al, Science, 246, 64-71, 1989 or Wilm et al, Nature, 
379, 466-469, 1996. The process of ESI forces a sample comprising an immunogenic 
protein or a fragment thereof into a mass spectrometer through a microcapillary tube. 
A potential difference between the chamber of the mass spectrometer and the 

35 microcapillary tube cause the sample comprising an immunogenic protein or a 
fragment thereof to be ejected from said tube as a fine mist. As the liquid in this mist 
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evaporates (ie the solution in which a protein is suspended) the protein or peptide 
thereof becomes desolvated. Accordingly, a protein or peptide is converted to ions. 

Alternatively, a sample is ionised using matrix assisted laser desorption/ionisation 
(MALDI), for example, essentially as described by, for example, Karas and 
Hillenkamp, Anal. Chem., 60, 2299-2301, 1988. For example, a sample comprising an 
immunogenic protein or fragment thereof is incorporated into a matrix, such as for 
example a-cyano-4-hydroxycinnamic acid, 3,5 dimethoxy-4-hydroxycinnamic acid 
(Sinapimc acid) or 2,5 dihydroxybenzoic acid (Gentisic acid). The sample and matrix 
are then spotted onto a metal plate and subjected to irradiation by a laser, promoting the 
formation of molecular ions. As will be apparent to those skilled in the art, variations 
of this method are clearly encompassed in the instant invention, such as, for example, 
atmospheric pressure MALDL 

15 As will be apparent to the skilled artisan other forms of ionization are clearly 
encompassed in the instant invention, for example, atmospheric pressure chemical 
ionization. 

Following ionisation of a protein or peptide thereof the mass of these molecular ions 
20 are analysed. 

For example, the mass of a molecular ion is analysed using a quadrupole mass analyser 
or a linear quadrupole, essentially as described in Burlingame et al, Anal. Chem. 70, 
674R-716R and references cited therein. This method transmits an ion through an' 

25 electric field generated by an array of four metallic rods, to which rf and dc voltages are 
supplied. This voltage causes an ion to oscillate with the frequency of this oscillation 
depending upon the m/z value of the ion. Only those ions that show a stable 
oscillation, that is those that have a given m/z value as determined by the rod assembly 
oscillation frequency, rf voltage and dc voltage, are retained for further analysis.' 

30 Accordingly this facilitates analysis of the mass to charge ratio (m/z) of a peptide or 
protem. This is then compared to a library of molecular weights, such as, for example 
using database search software provided by the UK Human Genome Mapping Project 
Resource Centre. 

35 Using a combination of multiple quadruples the amino acid sequence of a protein or 
peptide is determined. 
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^ ° f 3 m0lTCular i0 » is -*-d -tag a, ion tap mass analyser 
essentially a, described in Cooks « at, CHem. En g . Nevw . *, 26 , 199 * ^ 
analyse is a form of a quadrupole ^ malyser wtee ^ 

wTIT ^ ta <UmenSi0nS » accordance 

field. ^ ,on tap mas, analyser ia alao usefiu for in tandem mass spectrometry 
(MS/MS) experiments for the determination of a sequence of a peptide, polypeptide or 
w proton, Mefitoda of MS/MS are known in the art and/or describe^ 

Altemattvely or to addition, the ntaaa of a molecular ion ia analysed by to rime of flight 
(TOP), essentially aa described by Yates, J. Mass Spectrom. 33, 1-19 1998 and 
reference, cited therein A toe of flight instrument measures fire m/ z rafio of an y£ 
15 tTlZ ' he,taere<1Uiredf0rit,o,r ^^l»ga 1 ofaflightn.be. Optionally! 

rlr, t fl,K>USh *• ^ ^ 10 S detMto '- A< -^. - - mirror 

a™ mcreaae the lengm of a flight tube, increasing me accnracy of tins form of 

20 o^L°H ^ " ^ "* I &r detennMn * "» raa * - *erefore me 

predicted sequence of a peptide, polypeptide or protein. 

Pa^r i nr,! 0n ° yCl0,r0n *«*"— ■* — as described in US 
Parent No 3,937,955 is also usefiu in me anaiysia and identification of an 

uZuoTa ^ T fta8me '* *— ' iS ° lated - h « to "** ° f present 
mvenhon. An ton cyclotron nses a fixed magnetic fie.d to deflect an ion of known 

nms movmg a, a ve.ocity through the field. Should the magnetic field strong* be 
known, measurements of me ion cyclotron fluency suffices to determine fiTm/z 
30 S m , * Tl ma8neti0 fie ' d —*«*■»• ratio is uniquely determined by 
UnSTiT — mJ 

for dl^T' 60,11 ^ 0XemPlifiea a ^ <~ ia useful 

for determuung the amino acid sequence of a peptide, polypeptide or protein, using 2 
35 example, MS/MS. For example, an ion of interest (ie. an ionised peptide mpTet or 
■merest) is passed into a chamber of a mass spectrometer (a Vision 
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where the ion interacts with a gas, such as, for example nitrogen or argon This 

FoZ hon 7 a 65 fasmai,aaon otm ion - «*• ^ *« P*— *-*b^T 

Followng Ceavage of an ion, mass analysis of resulting fragments tha, differ in mass 
by a smgle ammo acid fern another fragment enables me determination of an amino 

^rz ?* t° n of ^ ie - by de,emMng 1,16 «*• ««- 

"eT M y y ^ amin0 aC ' d ' T ° f Mdl -*» — «• 
detonned Mass speedometers for me analysis of an amino acid sequence of a 

peptide polypeptide or protein are, fa example, a triple quadrupole (essentially as 

889-896, 1996) or MALDI-QqTOF (essential* as described in Loboda e, al. Rapid 
Commun. Mass Spectrom. 14, 1047 - 1057, 2000) 

* sequence of several overlapping ions are, optionally, then be assembled, such that 
. Alternatively, the sequence of each individual ion is be used in further analysis. 

Following determining the se^ence of a, leas, a peptide derived from an immunogenic 

20 ^Td T"" t0 E ° f 10 whether or 

notmedenv^sequenceisidenucmteorsubstentiaUyidendcal to a known sequence. 
Such a database is available, for example a, NCBI or ExPASY or Swiss-Pro, 
Furthermore as a mass spectrometer also determines the mass of a peptide, polypeptide 
or protem, tins ^formation is also useful in identifying a. immunogenic 

25 UK Human Genome Mappfng Project Resource Centre. 

Swttolld 6 ° f Bi ° i "* >tma, " :S at Basel Um «rtdry 4056, Basel, 



30 



As used hereto the tern "Swiss-Prof shall be taken to mean the protein sequence 
Swn^nd ^ **** ° f Bi0iDfonnatics « Basd ^entity 4056, Basel, 
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Biomolecular interaction analysis-mass spectrometry (BIA-MS) is also useful for 
detecting and/or characterise and/or identify an immunogenic protein bound to said 
unmunoglobulin (Nelson et al Electrophoresis 21: 1 155-1 163, 2000). 

Alternatively, a protein isolated using the method of the present invention is identified 
using an antibody or ligand capable of specifically binding to the isolated protein In 
this regard, an antibody and/or ligand chip is useful for rapid analysis for protein 
identification. For example, an antibody array (ie. a glass slide upon which 380 or 500 
individual [antibodies are immobilized each in a defined area and each in duplicate) is 
available from Clontech. To use such an array, an immunogenic protein or fragment 
thereof isolated with the method of the present invention (whether bound to an 
nnmunoglobulm-containing fraction or protein complex comprising an 
unmunoglobulin or mixtures thereof) is labelled with a detectable marker, eg a 
fluorescent label (eg., Cy3 or Cy5). The labelled protein is then contacted to foe 
antibody array for a time and under conditions sufficient for an antigen-antibody 
mteraction to occur. The array is then washed and any bound labelled protein detected 
By determining which antibody a protein is bound to, foe identity of foe immunogenic ' 
protem is determined. 



20 



25 



30 



35 



atein from an agent that causes a disease or 



Identificati on of an immuno^ enir. 
disorder 

The present invention also provides a method for identifying an immunogenic protein 
or immunogenic protein fragment of an agent that causes a disease or disorder in a 
subject comprising: 

(i) obtaining a protein complex comprising an immunoglobulin or mixtures 
thereof or an iinmunoglobulm-containing fraction from a subject suffering 
from foe disease or disorder or having suffered previously from foe 
disease or disorder or a cell, tissue or organ thereof; 
contacting immunoglobulin in foe protein complex or immunoglobulin- 
contaimng fraction with a sample comprising foe agent that causes foe 
disease or disorder or a derivative thereof; and 

identifying a protein or fragment thereof bound to said immunoglobulin by 
virtue of an antigen-antibody interaction, 
wherein foe identified protein is an immunogenic protein or immunogenic 
protem fragment of an agent that causes a disease or disorder in a subject 



(ii) 



(") 



WO 2005/001480 



PCT/AU2004/000856 



63 



As will be apparent to the skilled artisan the subject method optionally also comprises 
obtaining a sample that comprises the protein complex or immunoglobulin-containing 
fraction from the subject For example, the sample that comprises an immunoglobulin- 
containing fraction or a protein comprising an immunoglobulin-containing fraction or 
5 mixtures thereof. Suitable samples are described supra and are to be taken to apply 
mutatis mutandis to the instant method. 

An immunoglobulm-containing fraction or a protein complex comprising an 
immunoglobulin or a mixture thereof is isolated or derived from the subject or sample 
10 using a method described herein, for example, by contacting the sample with one or 
more compounds capable of binding an immunoglobulin for a time and under 
conditions sufficient for binding to occur and isolating the compound. 

Using one or more immunoglobulin binding compounds previously immobilized on a 
15 solid support, matrix or resin facilitates isolation of a protein complex comprising an 
immunoglobulin or mixtures thereof or an immunoglobulm-containing fraction and a 
protein or fragment thereof bound thereto. Furthermore, such immobilized 
immunoglobulin binding compounds facilitates washing of the isolated immobilized 
compound to remove any non-specifically bound or unbound protein 

20 

For example, the method of the present invention is performed with one or more 
immunoglobulin binding compounds immobilized on a magnetic or paramagnetic bead. 
By contacting said bead with a biological sample, a protein complex comprising an 
immunoglobulin or mixtures thereof or an mimunoglobulm-containing fraction is 
25 isolated by exposing the sample to a magnetic or paramagnetic field thereby isolating 
the bead and a protein bound thereto. The bead is then optionally washed to remove 
any non-specifically bound or unbound protein. This bead is then useful for capturing 
an immunogenic protein. 

30 Alternatively, the immunoglobulin binding compounds are immobilized, for example, 
on agarose. As agarose is a relatively large molecule with a high molecular weight, it 
is readily isolated by centrifugation. Accordingly, a protein complex comprising an 
immunoglobulin or mixtures thereof or an immunoglobulm-containing fraction is 
isolated by contacting that agarose bound immunoglobulin binding compound with a 

35 biological sample, eg., a sample described herein. The sample is then centrifuged and 
the precipitated agarose collected. Optionally, the agarose is washed to remove any 
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non-specifically bound or unbound protein and collected again. Such an agarose bound 
protein complex comprising an immunoglobulin or mixtures thereof or an 
immmoglobulm-containing fraction is then useful for subsequent contacting with a 
sample to capture an immunogenic protein. 

5 

As exemplified herein, the present inventors have used one or more immunoglobulin 
binding compound (eg. protein G or protein A) immobilized on Sepharose. The 
Sepharose bound immunoglobulin binding compound is contacted with a sample 
comprising a protein complex comprising an immunoglobulin or mixtures thereof or an 
10 inmunoglobulm-containing fraction (eg. serum) for a time and under conditions 
sufficient for immunoglobulin binding to occur and then used to produce a column. 
This column facilitates washing of the immunoglobulin binding compound and/or 
subsequent contacting of a sample to the bound protein complex comprising an 
immunoglobulin or mixtures thereof or an immunoglobulm-containing fraction. 

The immunoglobulin binding compound/s (eg., protein A and/or protein G and/or 
protein L) are optionally linked with the protein complex comprising an 
immunoglobulin or mixtures thereof or immunoglobulm-containing fraction using a 
compound and/or method known in the art, for example, those described supra. 

Optionally, an immunogenic protein or fragment thereof is separated from an 
immunoglobulin containing fraction and/or isolated using a method known in the art 
and/or described supra. The immunogenic protein is then identified using a method 
known in the art and/or described supra. 

25 

As the subject from whom the protein complex comprising an immunoglobulin or 
mixtures thereof or the immunoglobulm-containing fraction is derived has previously 
or is currently suffering from the disease or disorder, said subject has developed 
antibodies to the agent that causes said disease or disorder. These antibodies 
30 (immunoglobulins) facilitate isolation of an immunogenic protein or fragment thereof 
form the agent mat causes the disease or disorder. 

Accordingly, by contacting said antibody (in the form of the protein complex or 
inmiunoglobulm-containing fraction) with the agent that causes the disease or disorder 
35 or an extract thereof, a protein or fragment Ihereof against which a subject has raised an 
immune response is isolated and/or identified. 



20 
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As used herein, the term "an extract" of (or derived from) an agent that causes a disease 
or disorder shall be taken to mean a preparation of one or more components of said 
agent. For example, the term "extract" encompasses, a cell lysate, a cellular fraction of 
said agent (eg., a cell wall fraction, a membrane fraction, a cytoplasmic fraction, a 
nuclear fraction or a mitochondrial fraction) or a protein extract from the cell (eg. 
produced by lysing a cell and collecting a protein containing fraction using a method 
known in the art). Alternatively, or in addition, the term "extract" also encompasses a 
particular subset of cells (and/or extracts thereof) derived from the agent, for example, 
a population of cells from a cancer, or a population of cells from a pathogen, eg. a 
parasite. 



The method of the present invention is useful for identifying a protein bound to an 
immunoglobulin by virtue of a conformational antigen (ie. an antigen formed by the 
15 three dimensional structure of a protein or fragment) and/or a linear antigen. For 
example, an extract of a cell is prepared in such a way as to preserve the structure of a 
protein contained therein, ie the cell extract is prepared under non-denaturing 
conditions. Such a method is useful for identifying either a conformational epitope or a 
linear epitope. 

20 

Alternatively, the sample is prepared under denaturing conditions. By "denatured" or 
"denaturing" is meant that conformational epitopes of the protein are disrupted under 
conditions that retain linear B cell epitopes of the protein. For example, a cell extract is 
heated to a temperature that disrupts intramolecular bonds or treated with an ionic 
25 detergent (for example sodium-dodecyl sulfate (SDS)), and/or with a dissociating agent 
(for example urea or mercaptoethanol). 

In one example, the disease or disorder is an infectious disease or disorder, eg a 
disease or disorder caused by an infection by an agent selected from the group 

30 consisting of a virus, a bacterium, a yeast, a fungus and a parasite (such infectious 
agents are described supra). Accordingly, the subject infected with such an agent has 
developed an immune response against the agent. By contacting the an 
immunoglobulin fraction or a protein complex comprising an immunoglobulin or 
mixtures thereof with the infectious agent or an extract derived therefrom an 

35 immunogenic protein from said agent is identified. Such an immunogenic protein is 
useful as a diagnostic and/or therapeutic marker of said agent 
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As will be apparent to the skilled artisan, when using the method of the invention to 
determme an immunogenic protein from an infectious organism it may be 
advantageous to use a clinical isolate of said infectious agent, eg., a clinical isolate of a 
5 bactenum. Such an isolate is known to be associated with a disease and/or disorder and 
has been cultured (and/or isolated) to ensure that the infectious agent is substantially 
tree of a contaminating agent. 

Using the method of the invention method, the present inventors have identified an 
10 monogenic protein from a bacterium (ie. Mycobacterium tuberculosis) using an 
nnmunoglobulin fraction derived from a subject suffering from an infection by said 
bactenum. J 

The instant method is also useful for identifying an immunogenic protein from other 

15 agents that cause a disease or a disorder. For example, the method of the present 
invention is useful for determining an immunogenic protein from a cancer cell For 
example an immunoglobulin fraction or a protein complex comprising an 
immunoglobulin or a mixture thereof is derived or isolated from a subject suffering 
from a cancer and said fraction or complex is contacted with a cell that causes said 

20 cancer or an extract thereof. An immunogenic protein or a fragment thereof identified 
using the method of the present invention is then useful as a diagnostic/prognostic 
and/or therapeutic marker for said cancer cell. Examples of suitable cancer cells 
include a cancer cell selected from the group consisting of a bladder cancer cell a 
breast cancer cell, a colorectal cancer cell, an endometrial cancer cell, a head and neck 

25 cancer cell, a leukemia cell, a lung cancer cell, a lymphoma cell, a melanoma cell a 
non-small-cell lung cancer cell, an ovarian cancer cell, a prostate cancer cell, an acute 
^nphocytic leukemia cell, an adult acute myeloid leukemia cell, an adult non- 
Hodgkms lymphoma cell, a brain tumor cell, a cervical cancer cell, a childhood 
sarcoma cell, a chronic lymphocytic leukemia cell, a chronic myeloid leukemia cell, an 

30 oesophageal cancer cell, a hairy cell leukemia cell, a kidney cancer cell, a liver cancer 
cell, a multiple myeloma cell, a neuroblastoma cell, an oral cancer cell, a pancreatic 
cancer cell a primary central nervous system lymphoma cell, a skin cancer cell and a 
small-cell lung cancer cell. 

35 As exemplified herein the present invention is useful for studying an ovarian cancer or 
a breast cancer to identify an immunogenic protein. 
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Identification of an i™™i, nogemc nmt ft1 - n fraemMlt fWo , , 

conditio^ protem or fragment thereof from an autojmmung 

The invention additionally provides a method for identifying an immunogenic protein 

Z£Z t ^ e ° ffr0m --— —n capable of eUcitrngTiTu^ 
response in a subject, said method comprising: 

(0 obtainmg a protein complex comprising an immunoglobulin or mixtures 
ftereof or an immunoglobulinK^ntaimng fraction from a subject suffering 
10 m """""""^^aonoracell, tissue or organ thereof: 

04 contacting immunoglobulin in the protein complex or irnmunoglobulin- 
contarmng fraction with a sample comprising protein from a subject 
suffering from an autoimmune disease; and 
(ii) identifying a protem or fragment thereof bound to said immunoglobulin by 
virtue of an antigen-antibody interaction, 



15 



ft f ft WhCTein ** identmed Pr ° teta is m ^'"'Ogemc protem or fragment 

.hereof from an autoimmune condition capab.e of choiring an immune response inTme 



20 t^l *° *» ^ *° -ethon optionaUy addirionaUy 

comprises obtenung a sample me comprises the protein complex or immunogiobulj 
contaamg fracrion from me subject For example, the sample that comprises™ 
nnmunog^obulm-contaimng fraction or a protein complex. Suitable sZTauu 
™* obulrn fractions or protein complexes comprising an hnmunog,2£ „7a 

L^l* 7 P ' e 15 dHived *™ * -** offering from an autoimmune disease 
selected from the group consisting of Hashimoto's disease, systemic lorn., 
eo^ematosus, Sjogren, ^ ^ ^ 

30 mrxrf connective tissue disease, chronic actiye hepatitis, *<JZ JZ^i 
dances rheumatoid arthritis, scleroderma, myasthenia grayis, multiple sclerosed 
chrome idiopathic thrombocytopenic purpura. P e sclerosis and 

The nnmnnoglobulm-conteining fraction or a protein complex is isolated or deriyed 
tiT^tetm M SamPle S me,h0d 

me sample one or more compounds capable of binding an immunoglobulin for I 
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time and under conditions sufficient for binding to occur and isolating the compound. 
A method and/or compound for isolating an immunoglobulm-containing fraction or a 
protein comprising ah immunoglobulin or mixtures thereof is described supra and is to 
be taken to apply mutatis mutandis to the instant method. 

The immunoglobulin binding compound/s (eg., protein A and/or protein G and/or 
protein L) are optionally linked with the protein complex or immunoglobulin- 
containing fraction using a compound and/or method known in the art, for example, 
those described supra. 



As the subject suffers from an autoimmune condition, they have produced or developed 
antibodies that specifically recognise a self- antigen (eg., a protein or fragment thereof). 
By "self-antigen" is meant that the subject has developed an antibody that is capable of 
binding to an antigen (eg., a protein or a fragment thereof), wherein said antigen also 

15 occurs within or is produced by the subject. Such an antibody (in the form of an 
immunoglobulm-containing fraction or a protein complex comprising an 
immunoglobulin or mixtures thereof is useful for isolating and/or identifying an 
immunogenic protein or protein fragment against which the subject has developed an 
immune response. Such an immunogenic protein or fragment represents an attractive 

20 therapeutic and/or diagnostic/prognostic target for the autoimmune disease. 

The present invention is useful for isolating and/or determining an immunogenic 
protein from an autoimmune disease. For example, an autoimmune disease is selected 
from the group consisting of rheumatoid arthritis, multiple sclerosis, type-1 diabetes, 

25 inflammatory bowel disease, Crohn's Disease, ulcerative colitis, systemic lupus 
erythematosus, psoriasis, scleroderma, autoimmune thyroid disease, central nervous 
system vasculitis, and autoimmune myositis. The clinical presentation of such a 
disease or disorder is caused by the autoimmune response of a subject to one or more 
self-antigens. For example, an autoimmune response against pancreatic islet cells 

30 causes these cells to be killed, thereby suppressing production of insulin and causing 
type-I diabetes. 

The present invention is also useful for isolating and/or identifying an immunogenic 
protein from an autoimmune component from a disease or disorder. For example, a 
35 subject suffering from an inflammatory condition develops autoantibodies that bind to 
one or more proteins that are a components of the inflammatory response. 
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A^rdmsly, .he medtod of the present invention is useful for defennining an 

which such a subject hasT2prf 

teM^ a „ atami " e : ** ^ faVent0,S W » Sed «» — d of flte invent 
to tdennfy an nnmnnogente protein in a subject that suffers from cystic fibrosis -2 

exacerbauon, for example, an acute clinical exacerbation caused by an infection with a 
n~ w 3 " *"» ^ — consisting^ of o^Zl 

chntcal exacerbation is characterised by an inflatnntatery respol tate^ 
sho^to be associated with development of an aoteitnnLe Lponset ^ 

15 The sample wim which me hnmnnogiobmrn-conteining fraction or protein complex 

sample fc, eomprtses an tmmunogenic protein or fragment thereof, for extmJe a 
bto.og.cal sampie described ^ra. For example, such a biological sample is^ed 
20 IT " • d0 " , .- a *« *>» " -dinon, eg., a subject suffel^ 

col, 1 ~ K>nditi<>n " ^ *- hnmnnoZnT 
Z^T 8 , T OT ^ ""•'« "»« m hmnunogiobunn or SZL 
ttemof u denve4 or isolated. For example, me imntnuogiobuHn-contaimng fia^oTor ' 
Patent complex comprising an hnmunoglobnUn or mixtmes .hereof and the b otoMcal 
sample are denved from the same subject moiogical 

25 

£ exemplified herein, me preseo. invent have denved an immnnoglobnlin- 
^Z^T M ^ «^ " — Hlobnlin or 

^TteTrrr, ■» — ~ Nation arad 

contacted flua sample wtfh a spntum sample derived from one or more CF subjects 

^T^Zr^ CmCaeM °' L U ^<"od a numbered 

TZ^l^T- T*' ° ° F "** *» - acute clinical 

exacerbation has raised an immune response. 

example, an nnntunoglobujin^ontainrng fraction or protein complex comprislg an 
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ta^unoglobulin or natures thereof derived from , ^ ^ 
'^^contactedwiftapanere^eisletceUoranex.rac.ttereoE ^ 

5 ,^! 0nan f'w "—""■■to P-tein or fragment thereof is separated from an 

«dfcr descnbed «„* The immunog»ic ^ is ^ idenafled * 
known in the art and/or described supra. 

The present mventton addmonally proves a method for identifying an immunogenic 

0) obtaining a protein complex comprising an immunoglobalin or mixtures 
15 SET an .™ gl0b » ,to — *"*n a samp,e from or produce^ 
nuTeZri y ^ * -* ~« a cell or i, extract 

nnxtare thereof compnsmg the immunogenic protein or fragment thereof; 

wimasLl C ° ,,ta<!tinS ** Pr0tefa COmP ' eX OT fraction 
"* 3 ^'^Pnsmg the cell or call extract or mixture thereof, and 

20 '^^^^O' fagment thereof bound to immunoglobulin in the 

ZZyT^Z — n b y virtue of ^ 



25 



""^ "tering flte ce.l or ell exfrac, «o 
ttte subject. For example, die subject is immunized with the cell or cell extJT 

tar™,,,.,™! T ainamsta>lm fe y ■maction (eg., intraperitoneal injection, 

rrZufieTT SUbCUtane ° US tajeCti0n M or inLiorit 

As exemphfied herem, a cell or cell exfract or mixtures thereof administered bv 
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A suitable subject to whom the cell or cell lysate is administered is described supra and 
includes, for example, a subject selected from the group consisting of mouse rat 
rabbit, chicken, dog, sheep, ovine, horse and goat. As exemplified herein, the present 
inventors have immunized chickens to induce an immune response against a cell 
5 extract and identified an immunogen protein from that extract. Furthermore as 
described in the examples, mice are useful for the method of the present invention' eg 
mice are immunized with a cell or cell extract and immunoglobulin is isolated from, for 
example serum from the immunized mouse.. 

10 As will be apparent to the skilled artisan the cell or cell extract or mixtures thereof is 
for example, administered to a subject and the subject allowed sufficient time to 
produce immunoglobulin that binds to said cell or cell extract or mixtures thereof 
Optionally, the subject is administered or immunized with the cell or cell extract 
according to a predetermined schedule incorporating one or more booster 

15 immunizations or administrations. Such a schedule aids in the production of a stronger 
antibody (ie. immunoglobulin) response to the cell or cell extract or mixtures thereof. 

Optionally, the method of the invention additionally comprises detemiining a subject 
that has produced immunoglobulin capable of binding an immunogenic protein in a cell 

20 or cell extract or mixtures thereof. Methods for determining the presence of an 
antibody or immunoglobulin in a sample are known in the art and include, for example 
an enzyme-linked immunosorbent assay (ELISA), a radioimmunoassay (RIA) or 

- modifications thereof, biosensor technology or evanescent fibre-optics technology 
amongst others. 



25 



For example, a standard solid-phase ELISA format is useful for determining the 
presence of an immunoglobulin capable of binding to a cell or cell extract in a sample 
derived from or produced by a subject. 

30 In one form, such as an assay involves immobilising the cell or cell extract onto a solid 
matrix, such as, for example, a polystyrene or polycarbonate microwell or dipstick, a 
membrane, or a glass support (e.g. a glass slide). 

A sample derived from or produced by a subject is brought into direct contact with the 
35 immobilised biological sample, and any immunoglobulin capable of binding said cell 
or cell extract forms a direct bond with any of its target protein present in said sample 
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The bound xmmunoglobulin is then detected using a labelled antibody. Suitable labels 
include for example, a fluorescent label (e.g. FITC or Texas Red), a fluorescent 
^conductor nanocrystal (as described in US 6,306,610) or an enzyme (eg 
horseradxsh peroxidase (HHP)), alkaline phosphatase (AP) or P -galactosidase. For 
5 example, an immunoglobulin captured or isolated from a chicken sample is detected 
usmg an anti-chicken antibody. Alternatively, a third labelled antibody can be used that 

a^tr r?;; f et ? ng) aaMy ' F ° uowing washin8 to ^ «y »*— 

anybody the label ,s detected either directly, in the case of a fluorescent label or 

10 52* m a , ° f 3 ^ SUbStnite ' SUCh ^ f ° r eX ^ le Peroxide, 
10 1MB toluuhne, or 5-bromo-4-cMoro-3^^ 

Suable substrates will depend upon the reporter molecule used, and will be appLnt 
to the skilled artisan. 

Suitable cells or cell extra* are described supra and include, for example, . agen, 
15 fca, causes a draease or disorder, eg., infectious organism (eg,, an organism selected 
ftom the gmup constating of a virus, a bacterium, a yeast, a fungus and a parasite) or a 

described s^pra and are to be taken to apply mKto rfe mutoafc to the instant method. 

20 As the memod of me invention utilizes an immunoglobulin that haa been raised against 
an antigen » or on the cell and/or ceU extoact, said eel! and/or eel! extract is optionally 
adtmnrstered wtth an agent or compound that enhances an immune response.. For 
example, the cell o, cell extract is administered with an adjuvant to increase the 

25 ZZT^T 10 ae ^ M «" — * ** adjuvant that is used to increase me 

ZTt T°™ ° n *" hMt md *" -ample. Round's 

ad^vant (comp.ete or incomplete), mineral gels such as aluminium hydroxide, surface 
acttve substimces such as lysolecithin, plunmic polyols, polyanions, peptides, oil 
emutaons keyhole timpe, hemocyanin, and dinitrophenok Outer potency 
^ ^^"^BCGfracmeCalm^to^jandCorynd^umparvmm 

As win be apparent to me skilled artisan a cell or cell extract is optionally administered 
» the form of a composition. For examp.e, an appropriate composition comprising the 
ceU or ceU extrac, to be administered can be prepared in a physiology aceepLle 
vehtcle or earner. For solutions or emulsions, suitable carrien, include, for example 
35 aqueous or alcoholic/aqueous soMona, emulsions or suspensions, including srtine Ld 
buffered medta. Parenteral vehicles can include sodium chloride solution, Ringef s 
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dextrose, dextrose and sodium chloride, lactated Ringer's or fixed oils, for instance 
Intravenous vehicles can include various additives, preservatives, or fluid, nutrient or 
electrolyte replenishers and the like (See, generally, Remington's Pharmaceutical 
Scxences, 17th Edition, Mack Publishing Co., Pa., 1985). For inhalation, the agent can 
5 be solubilized and loaded into a suitable dispenser for atiministration (e.g., an atomizer 
nebulizer or pressurized aerosol dispenser). As described supra, such a composition 
optionally includes an adjuvant. 

As will be apparent to the skilled artisan, the subject method optionally additionally 
10 comprises obtaining a sample derived from the subject. For example, the sample that 
comprises an inmunoglobulin-containing fraction or a protein comprising an 
immunoglobulin or mixtures thereof. Suitable samples and immunoglobulin fractions 
or protein complexes comprising an immunoglobulin or a mixture thereof are described 
supra and are to be taken to apply mutatis mutandis to the instant method 

15 

Alternatively, a sample from which a protein complex or immunoglobulin containing 
fraction is isolated is produced by the subject. For example, a sample produced by a 
subject includes, an egg produced by an avian species, an embryo or a foetus. For 
example, the present inventors have immunized a chicken with a cell or cell extract 
20 collected eggs produced by that chicken and isolated a protein comprising an 
immunoglobulin or mixtures thereof or an immunoglobulin containing fraction thereof 
from an egg. 

A suitable subject for isolation of a protein complex or immunoglobulin containing 
25 fraction from a sample produced therefrom is from the class Aves. All birds are 
contemplated (e.g., duck, ostrich, emu, turkey, chicken, amongst others.). A preferred 
bird is a chicken. Methods for producing immunoglobulin in an avian species, eg., a 
chicken, are known in the art and described, for example, in A. A. Benedict and K. 
Yamaqa, Comparative Immunology, (J. J. Marchaloni, ed.), Ch. 13, "Immunoglobulins 
30 and Antibody Production in Avian Species," pp. 335-375, Blackwell, Oxford (1966). 

As laying hens export immunoglobulin to the egg yolk (eg., IgY) in concentrations 
equal to or exceeding that found in serum. (R. Patterson et al, J. Immunol, 89:212 
1962.), eggs represent an attractive source for isolation of a protein comprising an 
35 immunoglobulin or mixtures thereof or an immunoglobulin containing fraction thereof. 
Methods for isolating immunoglobulin from an egg are known in the art and, generally 
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comprise separation of the yolk from the white using, for example, mechanical means 
or electrophoresis. Yolks are then optionally disrupted and diluted and a protein 
comprising an immunoglobulin or mixtures thereof or an immunoglobulin containing 
fraction thereof is isolated using a method described supra. As will be apparent to the 
5 skilled artisan, such a method isolates IgY. 

Alternatively, a protein comprising an immunoglobulin or mixtures thereof or an 
mimunoglobulin containing fraction thereof is isolated using the method described in 
USSN 20020028917. 



10 



An immunoglobulm-containing fraction or a protein complex is isolated or derived 
from the subject or a sample from or produced by the subject using a method described 
herein, for example, by contacting the sample with one or more compounds capable of 
binding an immunoglobulm-containing fraction for a time and under conditions 
15 sufficient for binding to occur and isolating the compound with immunoglobulin bound 
thereto. A method and/or compound for isolating an immunoglobulm-containing 
fraction or a protein comprising an immunoglobulin or mixtures thereof is described 
supra and is to be taken to apply mutatis mutandis to the instant method. 



20 



25 



30 



35 



The immunoglobulin binding compound/s (eg., protein A and/or protein G and/or 
protein L) are optionally linked with the protein complex comprising an 
immunoglobulin or mixtures thereof or immunoglobulm-containing fraction using a 
compound and/or method known in the art, for example, those described supra. 

Optionally, an immunogenic protein or fragment thereof is separated from an 
mimunoglobulin containing fraction and/or isolated using a method known in the art 
and/or described supra. The immunogenic protein is then identified using a method 
known in the art and/or described supra. 

The present method is useful for, for example, determining an immunogenic protein 
from an agent that causes a disease or disorder for use as a diagnostic/prognostic or 
flierapeutic of said disease or disorder. For example, the method is useful for 
determining an immunogenic protein from an agent that causes a disease or disorder 
using a non-human animal as the subject that is immunized. 
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Alternatively, the method is useful for identifying an immunogenic protein from any 
cell or cell extract that comprises a protein or fragment thereof that is capable of 
ehcitmg an immune response in a subject. For example, the method is useful for 
identifying an immunogenic protein from a cancer cell or a cell against which a subject 
5 has raised an autoimmune response. 

In one example of the method, the sample comprising the cell or cell extract or mixture 
thereof that is contacted to the protein complex comprising an immunoglobulin or 
mixtures thereof or an iimnunoglobulm-containing fraction thereof is derived from a 

10 subject comprising the cell or cell extract For example, the cell or cell extract is 
derrved from an agent that causes a disease or disorder and the sample comprising the 
cell or cell extract or mixture thereof is derived from a subject suffering from the 
disease or disorder. Accordingly, an immunoglobulin fraction is isolated from a 
sample derived from or produced by a subject immunized with a cell or cell extract and 

15 said nnmunoglobulin fraction is used to isolate an immunogenic protein or fragment 
form a subject that comprises the cell or cell extract The immunized subject and the 
subject comprising the cell or cell extract are optionally not the same subject For 
example, the immunoglobulin fraction is isolated from an egg of a chicken immunized 
with a cell or cell extract and then used to identify an immunogenic protein in a sample 

20 derived from a human subject that comprises the cell or cell extract. 

Such a method is useful for, for example identifying an immunogenic protein from a 
agent tbat causes a disease or disorder is an infectious agent eg., an infectious agent ls 
selected from the group consisting of a virus, a bacterium (eg., Mycobacterium 
^ tuberculosis), a yeast a fungus and a parasite. 

Increasing the number and/or amount nf im^ ogeni - c nmtfli „ 0 iAfmii4iaA 
The method of the present invention is useful for identifying an immunogenic protein 
from any of a variety of sources, such as, for example, an agent that causes a disease or 
30 disorder or an autoimmune disease. The present inventors have additionally found that 
by repetitively separating an immunogenic protein or fragment thereof from an 
mununoglobulin fraction or a protein complex comprising an immunoglobulin or 
mixtures thereof and contacting the immunoglobulin fraction with a biological sample 

35 r^L Sa T le ^ WhiCh * ^ * e —*« of proteins 

35 identified and/or the amount of protein recovered is increased. 



ane 

is 
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Accordingly, the present invention additionally provides a method comprising- 

(a) obtaining a protein complex comprising an immunoglobulin or mixtures 
thereof or an immunoglobulin-containing fraction from a subject that has raised an 
immune response against an immunogenic protein or fragment thereof or a cell, tissue 
or organ thereof by a method comprising contacting a sample from the subject with one 
or more compounds capable of binding an immunoglobulin for a time and under 
conditions sufficient for binding to occur and isolating the one or more compounds- 

(b) linking immunoglobulin in the protein complex or immunoglobulin- 
containing fraction to the one or more compounds; 

10 (c) separating an immunogenic protein or fragment thereof from the linked 

immunoglobulin; 

(d) contacting a sample comprising the immunogenic protein or fragment 
thereof with the linked immunoglobulin; 

(e) separating the immunogenic protein or fragment thereof from the linked 
15 immunoglobulin; 

(f) optionally, repeating (d) and (e) one or more times; and 

(^ identifying a protein or fragment thereof separated from the 
immunoglobulin, 



20 



thereby identifying an immunogenic protein or fragment thereof. 



In another form, the method of the invention provides a method comprising- 

(a) obtaining a protein complex comprising an immunoglobulin or mixtures 
hereof or an innnunoglobmm-<x)ntaining fraction from a sample produced by a subject 
that has raised an immune response against an immunogenic protein or fragment 
thereof by a method comprising contacting a sample from the subject with one or more 
compounds capable of binding an immunoglobulin for a time and under conditions 
sufficient for binding to occur and isolating the one or more compounds- 

(b) Joking immunoglobulin in the protein complex or immunoglobulin- 
containing fraction to the one or more compounds; 

30 (c) separating an immunogenic protein or fragment thereof from the linked 

immunoglobulin; 

* / d lu r! aCtin8 a S3mple C ° mprising &e ^unogenic Protein or fragment 
thereof with the linked immunoglobulin; 

(e) separating the immunogenic protein or fragment thereof from the linked 
35 immunoglobulin; 



(f) 



optionally, repeating (d) and (e) one or more times; and 
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(g) identifying a protein or fragment thereof separated from the 
immunoglobulin, 

thereby identifying an immunogenic protein or fragment thereof. 

5 In one form of the method (e) separating the immunogenic protein or fragment thereof 
from the linked immunoglobulin is performed prior to (d) contacting a sample 
comprising the immunogenic protein or fragment thereof with the linked 
immunoglobulin. 

10 In another form of the invention (d) contacting a sample comprising the immunogenic 
protein or fragment thereof with the linked immunoglobulin is performed prior to (e) 
separating the immunogenic protein or fragment thereof from the linked 
immunoglobulin. 

15 Preferably, (d) contacting a sample comprising the immunogenic protein or fragment 
thereof with the linked immunoglobulin and (e) separating the immunogenic protein or 
fragment thereof from the linked immunoglobulin are repeated a sufficient number of 
times to identify one or more immunogenic proteins. For example, (d) contacting a 
sample comprising the immunogenic protein or fragment thereof with the linked 

20 immunoglobulin and (e) separating the immunogenic protein or fragment thereof from 
the linked immunoglobulin are repeated a sufficient number of times to distinguish one 
or more proteins or fragments thereof on a gel using gel electrophoresis, for example 
two-dimensional gel electrophoresis. 

25 In one example of the method, the subject has raised an immune response against an 
agent that causes a disease or disorder. In accordance with this example, the sample 
comprising the immunogenic protein or fragment thereof that is contacted with the 
hnked immunoglobulin comprises the agent that causes the disease or disorder or a 
denvative thereof. 



30 



For example, the agent that causes the disease or disorder is an infectious agent, eg a 
bacterium, eg., Mycobacterium tuberculosis. 

In another example, the subject suffers from an autoimmune condition. In accordance 
35 with this example, the sample comprising the immunogenic protein or fragment thereof 
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10 



15 



that is contacted with the linked immunoglobulin comprises protein from a subject 
suffering from an autoimmune condition. 

In yet another example, the subject has been previously immunized with a sample 
comprising a cell or extract thereof or mixtures thereof comprising the immunogenic 
protein or fragment thereof, hi accordance with this example the sample comprising 
the immunogenic protein or fragment thereof that is contacted with the linked 
immunoglobulin comprises the cell or extract thereof. In one form, the subject is a 
chicken. 

In an exemplified form of the method the subject has been previously immunized with 
a cell or cell extract from an agent associated with a disease or disorder, eg., an 
infectious agent, eg., a bacterium. In one example, the bacterium is Mycobacterium 
tuberculosis. 



As exemplified herein, the process of repeating separating the immunogenic protein or 
fragment thereof and the immunoglobulin in the protein complex comprising an 
immunoglobulin or mixtures thereof or the immunoglobulin fraction is repeated until 
an immunogenic protein is identified. Alternatively, or in addition, the process is 
20 repeated until a sufficient number of immunogenic proteins or immunogenic protein 
fragments are identified. 

As will be apparent from the preceding discussion, the method of the invention 
comprises eluting or separating an immunogenic protein or fragment from an 

25 immunoglobulin fraction and re-contacting the immunoglobulin fraction with a 
biological sample. This method is repeated as many times as required to identify an 
immunogenic protein. For example, the method is repeated at least 2 times, or three 
times, or four times, or five times, or six times, or seven times, or eight times or nin 
times. For example, each of the samples comprising an immunogenic protein or 

30 fragment eluted or separated from the immunoglobulin fraction is combined or pooled, 
thereby increasing the level of protein in the sample. Optionally, the process of the 
invention additionally comprises concentrating such a pooled sample. 

By repetitively capturing and eluting immunogenic protein or fragments from a sample, 
35 increasing levels of said proteins or fragments are isolated facilitating identification of 
an immunogenic protein or fragment. 
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Furthermore, the present inventors have found, that by repetitively separating an 
immunogenic protein from an immunoglobulin and contacting the immunoglobulin 
with a sample, eg, from an infectious organism, a profile of proteins (eg, as 
5 determined using gel electrophoresis, eg, 2-dimensional gel electrophoresis) that 
substantially resembles the profile from the infectious organism is obtained. 

Optionally, a method of the invention additionally comprises isolating a protein that 
was bound to the immunoglobuhn-wmtaining fraction by virtue of an antigen-antibody 
10 interaction, for example, by gel electrophoresis, eg. two-dimensional gel 
electrophoresis. Accordingly, it is preferable, that the step of repeatedly contacting an 
immunoglobulin fraction with a biological sample and separating a bound protein is 
repeated a sufficient number of time to distinguish one or more immunogenic proteins 
using gel electrophoresis or two-dimensional gel electrophoresis. 



15 



Methods for identifying a protein isolated using the method of the present invention are 
known in the art and/or described supra, for example, matrix-assisted laser 
desorption/ionisation-time-of-flight mass spectrometry (MALDI-TOF MS). 

20 Using the process described supra the present inventors have identified a number of 
proteins from an infectious organism associated with a human disease and from an 
autoimmune condition. 



25 



Furthermore, the present inventors have shown that by repeating the process of 
contacting an immunoglobulin fraction with a biological sample, both the number of 
proteins observed on a gel and identified and the amount of each protein is increased. 
Clearly the process described herein provides an advantage in amphfying the amount 
and number of target proteins or fragments thereof identified from a sample. 

30 Uses for a protein of identi fied using the m ethod of the inventing 

As the method of the invention is useful for identifying an immunogenic protein or 
fragment of a protein, the method identifies a marker of a disease or a disorder useful 
for diagnosis/prognosis of a disease or disorder or a therapeutic of a disease or disorder. 

35 Accordingly, the present invention provides for the use of the method of the invention 
in a process for identifying a marker of a condition. 
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Furthermore, me invention provides for Are use of me method of me invention in the 
Aagnosrs of a eonduron, such as, for example, a disease or disorder, eg an infeotious 
disease or a cancer or an autoimmune condition 

5 

For example, the present inventors have shown that antibodies to the JW— . 
infechon, whereas such antibodies are not present in a healthy control subject. 

10 The present invention additionally provides for a memod of treatment or prophylaxis 
comprising performing me method of the present invention and identtyjg an 
immunogenic pro,ei M fto m « agmt ^ a ^ disordered 

admmrstonng an effective amount of a compound for the treaunent of said disease or 



15 



oroZfn T tanm ° 8eniC ^ « ^Bment .hereof may be used as a form of 
prophylactic therapy, eg. as an antigen in a vaccine composition. 

Accordingly, the present invention additionally provides a method for producing a 

ZT ,T * Perf0mling * meth0d fM » immunogenic protein or 

fragment from an agent associated with a disease or disorder and manufacturing a 
vaccine comprising the immunogenic protein or fragment. 

Such a vaccine comprises, for example, an adjuvant A suitable adjuvant is known in 
25 the art »,d/or described heroin. In one form. of the invention, me vacoine is" 
composthon comprising the identified immunogenic protein or fragment and, 

30 The present invention additionally provides a mett.od of mannftcmring a compound or 
composition for the diagnosis or treatment or rf , ^tion ^J^J 

0) detennunng an immnnogenic protein or fragment thereof using a method 
described herein ; and 

(ii) using the nnmunogenic protein or fragment thereof in the manufacture of 
a compound for the diagnosis or prophylaxis or treatment of the condition. 
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For example, the method comprises the additional step of isolating the immunogenic 
protein or fragment thereof. 

The present invention clearly encompasses the use of any in silico analytical method 
5 and/or industrial process for carrying the screening methods described herein into a 
pilot scale production or industrial scale production of a compound or composition 
identified in such screens. This invention also provides for the provision of 
information for any such production. Accordingly, the present invention additionally 
provides a process for identifying or determining an immunogenic protein or fragment 
10 or composition supra, said method comprising: 

(i) performing a method as described herein to thereby identify an immunogenic 
protein or fragment; 

(ii) optionally, deterniining the structure of the protein or fragment thereof; and 

(iii) providing the protein or fragment thereof or a composition comprising said 
15 protein or fragment thereof or the name or structure of the protein or fragment 

thereof or a composition comprising said protein or fragment thereof such as, for 
example, in a paper form, machine-readable form, or computer-readable form. 

Naturally, for proteins, fragments or compositions that are known albeit not previously 
20 tested for flieir function using a screen provided of the present invention, determination 
of the structure of the compound is implicit in step (i) supra. This is because the skilled 
artisan will be aware of the name and/or structure of the compound at me time of 
performing the screen. 

25 As used herein, the term "providing the immunogenic protein or fragment or 
composition" shall be taken to include any chemical and/or recombinant and/or 
synthetic means for producing said immunogenic protein or fragment or composition 
or alternatively, the provision of a immunogenic protein or fragment or composition 
that has been previously synthesized by any person or means. 



30 



In a preferred embodiment, the immunogenic protein or fragment or composition or the 
name or structure of the immunogenic protein or fragment or composition is provided 
with an indication as to its use e.g., as determined by a screen described herein. 

35 The present invention additionally provides a process for producing a immunogenic 
protein or fragment or composition supra, said method comprising: 
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a process for identifying or determining an immunogenic protein or fragment or 
composition supra, said method comprising: 

(i) performing a method as described herein to thereby identify or determine a 
immunogenic protein or fragment or composition for the diagnosis or treatment 

5 or prophylaxis of a condition; 

(ii) optionally, determining the structure of the immunogenic protein or fragment or 
composition; 

(iii) optionally, providing the name or structure of the immunogenic protein or 
fragment or composition such as, for example, in a paper form, machine- 

1 0 readable form, or computer-readable form; and 

(iv) providing the immunogenic protein or fragment or composition. 

In a preferred embodiment, the synthesized or produced immunogenic protein or 
fragment or composition or the name or structure of the immunogenic protein or 
15 fragment or composition is provided with an indication as to its use. 

The invention additionally provides a method of manufacturing a immunogenic protein 
or fragment or composition for the diagnosis, treatment or prophylaxis or a condition 
comprising: 

20 (i) detenriining a candidate immunogenic protein or fragment or composition 

for the diagnosis or treatment or prophylaxis of a condition; and 
(ii) using the immunogenic protein or fragment or composition in the 
manufacture of a therapeutic or prophylactic or diagnostic for the 
treatment or diagnosis of a condition. 

25 

In one embodiment, the method comprises the additional step of isolating the candidate 
immunogenic protein or fragment or composition. Alternatively, a immunogenic 
protein or fragment or compositionis identified and is produced for use in the 
manufacture of a immunogenic protein or fragment or composition for the diagnosis or 
30 treatment or prophylaxis of a condition. 

The present invention is further described with reference to the following non-limiting 
examples. 
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EXAMPLE 1 

Identification of M. tuberculosis glutamine synthetase in the serum of a tuberculosis 

subject 

LI Sample preparation 

1 .5ml of patient serum stored at -80°C was thawed at room temperature then applied to 
a 2ml co umn of protein G-SSepharose (Amersham Biosciences, Castle Hill, New 
Sou* Wales, Australia), previously equilibrated with 20mM phosphate buffer pH7 and 
mcubated on ice for 30 minutes with occasional inversion. The mixture was spun at 
6000g for 10 minutes at 4°C and the supernatant decanted. The SSepharose pellet was 
washed with 20mM phosphate buffer. The IgG bound to the SSepharose was eluted by 
addition of 50mM glycine pH2.7 for 20 minutes. After centrifugation as above the 
supernatant was discarded and the glycine step repeated. THe supernatant was collected 
trom this second glycine elution and stored at -80°C. 

A Bradford protein assay is performed on the thawed eluate and thirty milligrams of the 
immunoglobulin fraction loaded onto a Sephacryl S-200 high resolution gel filtration 
column (Amersham Biosciences). Fractions ranging from 3000 to 140000 MW are 
collected, excluding the 150000 IgG fraction. These fractions are pooled and 
20 Precipitated with 10 volumes of cold acetone at -20°C for 48h then centrifuged at 
5000g for 20mins at 4°C. The precipitates are resolubilised in l-2mls of sample buffer 
containing 5M urea, 2M thiourea, 2% CHAPS, 2% SB3-10 and 40mM Tris, then 
simultaneously reduced with 5mM tributyl phosphine and alkylated with lOmM 
acrylamide for Ih. Samples are aliquoted into 250ul aliquots and stored at -80°C. 

1.2 Two dimensional gel electrophoresis of samples 

The protein content of the samples was estimated using a Bradford assay. Samples 
30 tT t0 2mg/ml ^ SamPle bUffer 38 ab0VC repla0ing 40mM Tris ™* 5 -M 

Prior to rehydration of IPG strips, samples were centrifuged at 21000 x g for 10 
mmutes. The supernatant was collected and lOul of 1% Orange G (Sigma) per ml 
added as an indicator dye. v ^ ; ±>« mi 



35 First Dimension 
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Dry 11cm IPG strips (Amersham-Biosciences) were rehydrated for 16-24 hours with 
180ul of protein sample. Rehydrated strips were focussed on a Protean DBF Cell (Bio- 
Rad, Hercules, CA) or Proteome System's IsoElectrlQ electrophoresis equipment for 
approx 140 kVhr at a maximum of 10 kV. Focussed strips were then equilibrated in 
5 urea/SDS/Tris-HCVbromophenol blue buffer. 

Second Dimenginn 

Equilibrated strips were inserted into loading wells of 6-15% (w/v) tris-acetate SDS- 
PAGE pre-cast 10cm x 15cm GelChips (Proteome Systems, Sydney Australia) 
10 Electrophoresis was performed at 50mA per gel for 1.5 hours, or until the tracking dye 
reached the bottom of the gel. Proteins were stained using SyproRuby (Molecular 
Probes). Gel images were scanned after destaining using an Alphalmager System 
(Alpha Innotech Corp.). Gels were then stained with Coomassie G-250 to assist 
visualisation of protein spots in subsequent analyses 

15 

An example Gel Image is shown in Figure 1 . 
1.3 Protein identification 

A number of proteins were observed in serum samples obtained from subjects suffering 
20 from a tuberculosis infection. These proteins were then identified using mass 
spectrometry. 

Prior to mass spectrometry protein samples were prepared by in-gel tryptic digestion. 
Protein gel pieces were excised, destained, digested and desalted using an Xcise™, an 
excision/liquid handling robot (Proteome Systems, Sydney, Australia and Shimadzu- 
Biotech, Kyoto, Japan) in association with the Montage In-Gel Digestion Kit 
(developed by Proteome Systems and. distributed by Millipore, Billerica, Ma, 01821, 
USA). Prior to spot cutting, the 2-D gel was incubated in water to maintain a constant 
size and prevent drying. Subsequently, the 2-D gel was placed on the Xcise, a digital 
image was captured and the spots to be cut were selected. After automated spot 
excision, gel pieces were subjected to automated liquid handling and in-gel digestion 
Briefly, each spot was destained with 100 ul of 50% (v/v) acetonitrile in 50 mM 
ammonium bicarbonate. The gel pieces were dried by adding 100% acetonitrile, the 
acetonitnle was removed after 5 seconds and the gels were dried completely by 
evaporating the residual acetonitrile at 37°C. Proteolytic digestion was performed by 
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rehydrating the dried gel pieces with 30 pi of 20 mM ammonium bicarbonate (p H 7 8) 
contammg 5 ug/mL modified porcine trypsin and incubated at 30°C overnight. ' 

!i°f WiXtare WaS rem ° Ved to a clean ****** P^te in the 

event fcat addxhonal analysis by Liquid Chromatography (LC) - Electrospray lonisation 
(ESI) MS was required. 

Automated desalting and concentration of tryptic peptides prior to MALDI-TOP MS 
was performed using C18 ZipTip (MilUpore, Bedford, MA). Adsorbed peptides were 
eluted from the rips onto a 384-position MALDI-TOF sample target plate (Kratos 
Manchester, UK or Broker Daltronics, Germany) using 2 pi of 2 mg/nd a-cyanot' 
hydroxycinnamic acid in 90% (v/v) acetonitrile and 0.085% (v/v) TFA. 

^ were en Axima-CFR MALDI-TOF mass spectrometer (Kratos 

15 Manchester, UK) in positive ion reflection mode. A nitrogen laser with a wavetenXf 
337 nm was used to irradiate the sample. The spectra were acquired in automatic mode 
m tire mass range 500 Da to 4000 Da applying a 64-point raster to each sample spot 
Only ^passing certain criteria were saved. All specfra underwent an internal lo 
pmnt calibration us.ng an autodigested trypsin peak mass, m/z 842.51 Da and spiked 
20 ad^ocorttcofropic hormone (ACIH) peptide, m/z 24o5.,17 Da. Software design* by 
Proteome Systems, as contained in the web-based proteomic data management^stern 

£E r (Pro,eome systems)> ^ is 

25 tit'T M «f °f ° n ^ PHfOImed " y matCbiag *» ^°topic masses of the 

°' fin8erprinl) «» *— *- ^m 

preton databases ^ustng lonlQ database search software (Proteome System Limited 

North Ryde, Sydney, Austiatia). Querying was done against the non-redundan 

30 „r,Sid t *° "* TlEMBL 20) <*- vetsionW 

30 protem .dentines were ranked through a modification of the MOWSE scoring system 

Proptonarmde^steme (eys-PAM) or caAoxyamidomemyNcysteine (cys-CAM?2 

35 Miscleavage sites were only considered after an initial search without miscleavages had 
been performed The foUowing criteria were used to evaluate tire search resT: " 
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MOWSE score, the number and intensity of peptides matching the candidate protein 
the coverage of the candidate protein's sequence by the matching peptides and the gel 
location. 



10 



In addition, or alternatively, proteins were analysed using LC-ESI-MS. Tryptic digest 
solutions of proteins (10 ul) were analysed by nanoflow LC/MS using an LCQ Deca 
Ion Trap mass spectrometer (ThermoFinnigan, San Jose, CA) equipped with a Surveyor 
LC system composed of an autosampler and pump. Peptides were separated using a 
PepFinder kit (Thermo-Finnigan) coupled to a C18 PicoFrit column (New Objective). 
Gradient elution from water containing 0.1% (v/v) formic acid (mobile phase A) to 
90% (v/v) acetonitrile containing 0.1% (v/v) formic acid (mobile phase B) was 
performed over a 30-60-minute period. The mass spectrometer was set up to acquire 
three scan events - one full scan (range from 400 to 2000 amu) followed by two data 
dependant MS/MS scans. 

Proteins were identified using SEQUEST (BioWorks 3.1, Thermo-Finnigan) software 
Peptides were identified from MS/MS spectra in which more than half of the 
experimental fragment ions matched theoretical ion values, and gave cross-correlation 
(a raw correlation score of the top candidate peptide), delta correlation (difference in 
correlation between the top two candidate peptides) and preliminary score (raw score 
used to rank candidate peptides) values greater than 2.2, 0.2, and 400, respectively. 

Using this method a 49.7kDa protein was identified in the immunoglobulin fraction of 
a TB subject. This protein was analysed using MALDI-TOF MS and fragments (SEQ 
25 ID NO: 6-11) shown in Table 1 identified. 



15 
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Table 1 



Fragments identified from an immunoglobulin associated protein 



Peptide 
Number 


SEQ ID NO: 


Site of peptide 
in protein 


Sequence 


1 


6 


204-221 


FEAVKGECNMGQQEIGFR 


2 


7 


241-255 


EIADQHGKSLTFMAK n 


3 


8 


305-318 


EFTLCY APTINSYTC 


4 


9 


343-351 


WGHGONIR 


5 


10 


401-419 


LPVTLADAAVLFEDSALVR 


6 


11 


436-450 


VELAAFNAAVTDWER 



Usmg dns mformation sequence databases were searched and it was predicted that the 

«po VT^T 3 hyPOflletical U «-«-** glutamine synthetase protein 
(SEQ ID NO: 12). Clearly this demonstrates that this method is of use in me isolation 

10 ^ T . f """" ** ™ ° f I-taJ - ~ » » e aagnosisfrrognosis, 
10 treatment or prophylaxis of disorders such as infections or autoimmune diseases 

EXAMPLE 2 

Alternate method of sample preparation and immunoglobulin isolation 

15 1.5ml of patient serum stored at -SO-C was thawed at toom temperature then applied to 
a 2nd column of protein O-Sepharose (Amersbam Biosciences), previously 
equthbrated with 20mM phosphate buffer pH7 and incubated on ice for 30 minutes 
with occastonal inversion. The mixture was spun at 6000g for 10 minutes at 4°C and 

20 IZF'TTtT** 71,6 Sepharose penet was washed "» 20mM 

PH2.7 for 20 mmutes. After cen.rifug.tion as above, the supernatant was discarded and 
the glycm. step repeated. The supernatant was collected fiom this second glycine 
eluuon and stored at -80°C. 5 ^ 

^ Z^L SamPle , PreParati ° n ' Pr ° teinS --g two-dimensional 

electrophoreses and nnmunogenic proteins identified using MALDI-TOF MS 

essentially as described in Example 1. 
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EXAMPLE 3 

Isolation of an immunogenic protein from a subject suffering from TB 

5 3.1 Sample preparation 

Serum (1.8ml) from a patient infected with Mycobacterium tuberculosis and HIV was 
purified using a 1 ml protein A column attached to an AKTA Explorer (Amersham 
Biosciences). Briefly the sample was diluted in 8.2ml hnmunopure IgG binding buffer 
(Pierce cat number 21001), then filtered through a 0.22um filter before application to 

10 the column. Elution of bound antibody was with Immunopure gentle Ag/Ab elution 
buffer (Pierce cat number 21027). The eluted fractions were pooled (IgG bound to 
antigens) and left on ice for 3 hours to allow dissociation of immune complexes. The 
IgG fraction was separated from the antigen fraction by filtration through a 100 000 
molecular weight cut off column (Millipore). Both fractions and the flow through from 

15 the protein A column were dialysed with benzoylated dialysis membrane (Sigma D- 
2272) against 4 litres of phosphate buffered saline pH 7.2 overnight at 4°C, then 
another 4 litres for 3 hours. All fractions, (flow through and retentate from the 100 000 
cut off column and flow through from the protein A column), were acetone precipitated 
at a ratio of 10 parts acetone to 1 part sample for one hour at -20°C, then spun at 4000g 

20 for 20 minutes. The precipitated samples were solubihzed in sample buffer containing 
5M urea, 2M thiourea, 2% CHAPS, 2% SB3-10 and 40mM Tris to a final concentration 
of approx. 2mg/ml, then simultaneously reduced with 5mM tributyl phosphine and 
alkylated with lOmM acrylamide for 1.5h. The alkylation reaction was quenched with 
the addition of DTT to a final concentration of lOmM. The samples were aliquoted 

25 into 200jal lots and stored at -20°C. 

2ul of 1% orange G tracking dye was added to a 200ul aliquot of each of the three 
fractions and centrifuged at 1 6,1 00 rcf for 20 mins. 

30 3.2 Gel electrophoresis 
First dimension 

The supernatants were used to rehydrate dry Amersham Biosciences 11 cm pi 3-10 
IPGs for approx. 24h. 

35 Rehydrated strips were focussed on a Protean IEF Cell (Bio-Rad, Hercules, CA) or 
Proteome System's IsoElectrlQ electrophoresis equipment for approx, 109500 Volt 
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hours at a maximum of 10 kV. Focussed strips were then equilibrated in 
urea/SDS/Tris-HCl/bromophenol blue buffer. 

Second Dimension 

Equilibrated strips were inserted into loading wells of 6-15% (w/v) tris-acetate SDS- 
PAGE pre-cast 10cm x 15cm GelChips (Proteome Systems, Sydney Australia). 
Electrophoresis was performed at 50mA per gel for 1.5 hours, or until the tracking dye 
reached the bottom of the gel. The gels from the Retentate and Flow through fractions 
were stained using SyproRuby (Molecular Probes). Gel images were scanned after 
destaining using an Alphalmager System (Alpha Innotech Corp.). The gel from the 
Eluate fraction was stained with silver according to the protocol of Shevchenko et al. 
(Anal Chem. 1996 Mar 1; 68(5): 850-8). The gel image was scanned using an UMAX 
flatbed scanner. An example gel is shown in Figure 2, in which a protein having an 
isoelectric point of about 5.28 and a molecular weight of about 43590 Daltons was is 
15 marked. This protein spot was then further analysed. 

3.3 Mass Spectrometry 

Prior to mass spectrometry protein samples were prepared by in-gel tryptic digestion. 
Protein gel pieces from the Eluate fraction were excised manually and destained with 
20 50mMNH4HCO 3 /50%acetonitrile. lOOul of this solution was added to each gel piece 
in a 96-well microtitre plate and placed on a shaking platform for 20min. The 
destaining procedure was then repeated once. Gel pieces were dried in a 50°C oven for 
20 mins. 2.5^1 of 0.02ug/ul trypsin in 25mM NH4HCO3 and 0.1% n-octyl-glycoside 
was then added to each dried gel piece. Samples were left on ice for 40 mins. lOjil of 
25 25mM NH4HCO 3 /0.1% n-octyl-glycoside was men added to each well and the reaction 
left overnight at 30°C. 15ul 0.1% TFA was added to each well and the plate sonicated 
in a sonic water bath for 15mins. The TFA extraction and sonication steps were 
repeated once. A further 10 mins sonication was performed and 12ul of sample 
solution containing tryptic peptides was transferred to a fresh plate. 



30 



Proteins were analysed using LC-ESI-MS. Tryptic digest solutions of proteins (10ul) 
were analysed by nanoflow LC/MS using an LCQ Deca Ion Trap mass spectrometer 
(ThermoFinnigan, San Jose, CA) equipped with a Surveyor LC system composed of an 
autosampler and pump. Peptides were separated using a PepFinder kit (Thermo- 
35 Finnigan) coupled to a C18 PicoFrit column (New Objective). Gradient elution from 
water containing 0.1% (v/v) formic acid (mobile phase A) to 90% (v/v) acetonitrile 
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containing 0.1% (v/v) formic acid (mobile phase B) was performed over a 30 minute 
period. The mass spectrometer was set up to acquire three scan events - one full scan 
(range from 400 to 2000 amu) followed by two data dependant MS/MS scans. Using 
this method the mass spectrum of peptides of the protein spot identified previously was 
determined. The mass spectrum of such a peptide is shown in Figure 3. 

3.4 Protein identification 

Proteins were identified using SEQUEST (BioWorks 3.1, Thermo-Finnigan) software 
Peptides were identified from MS/MS spectra in which more than half of the 
experimental fragment ions matched theoretical ion values, and gave cross-correlation 
(a raw correlation score of the top candidate peptide), delta correlation (difference in 
correlation between the top two candidate peptides) and preliminary score (raw score 
used to rank candidate peptides) values greater than 2.2, 0.2, and 400, respectively. 

SEQUEST searching revealed a match to a peptide sequence 
(K)LLDQGQAGDNVGLLLR (SEQ ID NO: 15) (m/z 1682.92) (SwissProt accession 
number P3 1501). 

20 Using this method a 43.59kDa protein was identified in a TB subject. This protein was 
identified using LC-ESI-MS and the elongation factor-Tu protein of M. tuberculosis 
(SEQ ID NO: 14) was identified. 



15 
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EXAMPLE 4 

Identification of an immunogenic pathogen derived protein from a CF subject 



Subjects that suffer from cystic fibrosis are prone to infections by P. aeruginosa. To 
identify proteins from P. aeruginosa that may be useful in diagnosing such an infection 
immunoglobulin fraction was isolated from CF subjects and used to identify 
30 immunogenic proteins from the infectious bacterium. 

4. 1 Biological samples 

Crude plasma obtaine from whole blood samples from CF subjects. The crude plasma 
used from the capture column were combined from four exacerbated CF adults in the 
35 age group 22- to 37-years old. Predicted FE^ values were between 22-65 % and the 
subjects have had 2-4 exacerbations in the last 12 months. All adult CF subjects used 
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in current study had profuse P. aeruginosa growth in the lungs as shown by 
microbiological testing. In addition, one CF adult also had pulmonary S. aureus 
infection. 

5 Saline-induced sputum was collected from healthy control- and CF subjects and 
subsequently liquefied. Resulting samples were pooled, alcohol precipitated and 
resolubilised in 7M urea, 2M thiourea, 2% chaps, lOmM tris. Samples were reduced 
and alkylated with 5'mM TBP lOmM acrylamide for lhr. Subsequently, samples were 
spun on lOOkda and 5kda spin columns whereafter captured proteins arrayed by 2DE 
10 arrays 

Sputum used for inimuno-capturing: Sputum samples were pooled from two 
exacerbated CF subjects of 22 and 31 years old (total of 16mL). They had predicted 
FEV! values of 14 % and 51 % and had been treated for 1-2 exacerbations in the last 12 
15 months. Microbiological testing showed profuse P. aeruginosa in the lungs of both 
patients. In addition, one of the two patients also contained profuse S. aureus. The 
pooled sputum were incubated with 30 raM IAA to inactivate residual DTT used in the 
liquification protocol and IgG depleted by using Protein G coupled Sepharose beads as 
recommended by manufacturer (Amersham Pharmacia (Uppsala, Sweden). 

20 

4.2 Preparation of proteins from P. aeruginosa 

Overnight cultures of P. aeruginosa PA01 (200 mL ATCC cutlure) were pelleted by 
centrifugation (20 minutes at 4000g, room temperature). The precipitated cells were 
washed twice in water and resuspended in Lysis Buffer A (50 mM Tris-HCl pH 7.6, 0. 1 

25 mM EDTA, 20% sucrose) + protease inhibitors (lx Complete Protease Inhibitor 
Cocktail, Roche Diagnostics, Basel, Switzerland). Cells were lysed using a Branson 
sonifier, model 250-450, using 70% of maximal amplitude for 4 x 10 seconds and 
unbroken cells were pelleted by centrifugation (4000g, 10 min, 4°C). Another 
centrifugation step was performed with the obtained supernatant prior acetone 

30 precipitation of proteins. Precipitated proteins were resolubilised in 10 mM PBS pH 
7.2. F 

Membrane proteins: membrane proteins were extracted using the ProteoPrep membrane 
extraction kit essentially as recommended by manufacturer (Proteome Systems, 
35 Wobum, US). However, the resulting pellet after the last 50 mM Tris-HCl, pH 7.3 
wash was resuspended in lOmM PBS pH 7.4 containing 1% Triton-X, 15 mM Tris-HCl 
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pH 7.5 and 20 mM DTT. After solubilisation, sample was incubated with 60 mM 
lodoacetamide for 2 hours at room temperature. 

4.3 Preparation of an immunocapture column 

An immuno-capture column was generated from a total of 5 mL pooled plasma from 
five exacerbated CF patients (total protein concentration of -40 mg/mL) IgG was 
bound to Protein G Sepharose by incubating the pooled plasma with 10 mL 50% slurry 
of Protem G Sepharose. The matrix were washed in 10 mM PBS pH 7.4 and bound IgG 
was irreversibly immobilised utilizing DSS. 

4.4 Capture of an immunogenic protein from P. aeruginosa 

The capture column was incubated overnight with the native P. aeruginosa protein 
extract (6.3) at 4°C at constant rotation and beads were subsequently harvested by 
centnfogation. The flow-through was collected and saved for subsequent incubation 
steps (the protein extract was passed over the capture column three times in each 
capture). The harvested beads were washed 3 times in 10 mM PBS pH 7.4 and captured 
proteins were eluted with 50mM glycine pH 2.7. The column was extensively washed 
with first 50 mM glycine pH 2.7 then 10 mM PBS pH 7.2 prior subsequent incubation 
steps. 



Eluted proteins were alcohol precipitated (using ethanol in a ratio of 1:10) and 
subsequently resolubilised in Cellular and Organelle Membrane solubilizing reagent 
from the ProteoPrep Universal Extraction kit (Sigma, St. Louis, MO). Following the 
instruction in the ProteoPrep kit the solubitized proteins were reduced and alkylated 
25 with a final concentration of 5 mM tri-n-butylphophine and 10 mM acrylamide 
respectively. ' 



30 



35 



4.5 Two-dimensional gel electrophoresis 

Eleven centimetre pH 3-10 or pH 4-7 IPGs were purchased from Amersham (Uppsala 
Sweden). Isoelectric focusing was conducted as per manufacturer's instructions using 
an IsoElectrlQ unit from Proteome Systems (Woburn, MA). Second dimension 6-15% 
or 14% homogenous Tris-Acetate Gelchip gels were run as recommended by 
manufacturer (Proteome Systems, Woburn, MA). Arrayed proteins were visualised by 
silver-staining (Shevchenko et al, Anal Chem. . 68, 850-858. 1 996). 



4.6 MS analysis 
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Proteins spots of interest were excised and washed twice in 100 mM NH4HCO3 • 50% 
acetonitrile (ACN) pH 8.2 and dehydrated at 50°C for 30 minutes. Proteins were 
digested as described by Katayama et al Rapid Commun Mass Spectrom 151416- 
1421, 2001 and digested for 3 hours at 37°C. Tryptic peptides was extracted by 
5 sonicauon and purified as described by Kussmann et al Peptides were eluted with 
~1.5ul MALDI matrix solution (70% ACN, 0.1% TFA, 1.5mg/ml alpha-cyano-4- 
hydroxycinnamic acid (Sigma, St. Louis, MO). Peptide mass fingerprints (PMF) were 
generated by matrix-assisted laser desorpuon/iomsation-time-of-flight- mass 
spectrometry (MALDI-TOF-MS) using an Axima CFR (Kratos, Manchester, UK) or an 
10 ABI MALDI MS/MS (AME Bioscience, London, UK). 

4.7 Results 

As shown in Figure 4, six immunogenic proteins were captured from P. aeruginosa 
proton extracts using the immunocapture column. These proteins were analysed using 
15 MS. Following tryptic digestion the following peptides were identified using peptide 
mass fingerprinting: r 



20 



25 



Table 2: Peptides identified from an immunogenic protein from M. tuberculosis 

Peptide »ass theoretical .nass error a* (start) AA MC peptide sequence SEQ » NO : 



905.488 
943.539 
1164.742 
1180.792 
1337,882 
1373.012 
1383.002 
1637.202 
1737.312 



905.519 

943.508 

1164.654 

1180.649 

1337.697 

1372.841 

1382.'788 

1636.889 

1736.909 



-0.031 
0.031 
0.088 
0.143 
0.185 
0.171 
0.215 
0.313 
0.403 



3 
38 
1 
1 

65 
3 

48 
21 
61 



9 
47 
9 
9 

77 
13 
60 
37 
77 



0 
0 
1 
1 



0 
1 
1 
0 

1 



LRPLHDR i 6 

GEWAVGTGR 17 

MKLRPLHDR 18 

MKLRPLHDR 19 

WFGPYSGSNAIK 20 

LRPLHDR WIR 21 

VLDNGEVRALAVK 22 

TAGGIVLPGSAAEKPNR 23 

VGDKWFGPYSGSNAIK 24 



30 The protein was then confirmed as being P. aeruginosa derived proteins. Protein spot 
number 6 was identified as P. aeruginosa GroES (SEQ ID NO: 25). 



EXAMPLE 5 

35 Use of an identified P. aeruginosa protein to determine a subject suffering from a /> 

aeruginosa infection 
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An aliquot of P. aeruginosa GroES was excised from the 2-DE array described in 
Example 4, washed in H 2 0 and 1 mM DTT. Proteins were extracted by two successive 
overnight incubations in 0.1 % SDS, 50 mM Tris-HCl pH 7.9, 0.1 mM EDTA 150 
mM NaCl and 5 mM DTT at 4°C by vigorous shaking, precipitated and resolubilis'ed in 
50 ul PBS. Only 6 ul of the extracted proteins were applied to nitrocellulous 
membrane strips (Biorad, Hercules, CA, US). Membranes were blocked with 5 % 
(w/v) skim milk in 10 mM Tris-HCl, 100 mM NaCl and 0.2 % Tween-20 pH 9 0 prior 
to use. Anchors were applied to membranes for subsequent localisation of antigenic 
targets. Crude plasma from healthy controls and CF subjects were diluted 1 -3 in PBST 
buffer (10 mM PBS, 0.0 5 o/ 0 ( v /v) Tween-20) containing 0.5 % (w/v) skim milk, and 
filtered through a 0.22-um PVDF membrane (Millipore). A chemical printer CMP™ 
(Proteome Systems Ltd., Sydney, Australia and Shimadzu, Biotech, Kyoto, Japan) was 
used to dispense five applications of 0.15 uL 1:3 plasma aliquots onto the immobilised 
15. pathogenic protein, PBS and 100 ng BSA. Grid arrays containing 4- or 5- spot 
positions, where each spot position represented one patient sample, were printed onto 
targets of membranes. X- and Y- coordinates were established using the software 
ImagepIQ™ version 1.0 (Proteome Systems Ltd., Sydney, Australia). Approximately 
100 uL PBST was used to wash away excess plasma proteins. Bound antibody was 
20 detected by printing 0.1 ul HRP-conjugated rabbit anti-human IgG, 1:50000 in PSBT- 
M buffer (Chemicon Australia Pty., Victoria, Australia), (^emiluminescence was then 
detected. The size of the printed grid array depended on the area of the immobilised 
antigenic target, which in current study had a diameter of- 5mm. 

25 Serological immunoreactivities of five patients were determined towards P. aeruginosa 
GroES using a chemical printer, CMP™. As shown ^ Figure fi ^ cp 
subjects were immunoreactive towards me pathogenic protein, in contrast to the 
serological non-reactive healthy controls, hence supporting clinically relevant 
expression of these pathogen-encoded proteins in CF subjects 

30 

Example 6 

Identification of proteins recognised in an autoimmune response in CF 

Sputum isolated from CF subjects (described in Example 4) was used in an 
35 immunocapture experiment essentially as described in Example 4. As shown in Figure 
5, 14 proteins were isolated from the sputum of CF subjects. Of these 9 have been 
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identified using MS and sequence analysis and shown to be of human origin MS 
analysis for spot no. 3, resulted in idnetification of 6 matching peptides , covering 39% 
protem. The protein was then identified as human calgranulin B (SEQ ID NO 26) 
Spots 1 and 2 were also identified as human calgranulin B. These results suggest that 
the method of the present invention is useful for the identification of proteins 
recognised by a subject's own immune system. 



EXAMPLE 7 

Immunization of chickens to identify immunogenic M. tuberculosis proteins 
10 7.1 Antibody Production 

Mycobacterium tuberculosis strain CDC1551 was grown to late-log phase (day 14) in 
glycerol-alanine-salts (GAS) medium, washed with PBS pH 7.4 and inactivated by 
gamma-irradiation. Cells are then resuspended (2 g/ml) in PBS buffer containing 8mM 
EDTA, protease inhibitors (pepstatin, leupeptin, and PMSF), DNase and RNase 

15 afterwhich -90% of cells are disrupted by French Press or probe sonication (monitored 
by acid fast staining). The cell lysate was centrifuged at 3,000 g to pellet unbroken cells 
and isolate the supernatant. The protein content of each fraction is quantified using the 
BCA protem assay, and aliquots are stored , at -80°C. The culture supernatant was 
passed through a 0.2 micron filterand the protein content concentrated by Amicon 

20 ultrafiltration using a membrane with a molecular weight cutoff of 10,000 Da The 
concentrated material is dialyzed against 0.01 M ammonium bicarbonate, quantified 
with the BCA protein assay, aliquoted, lyophilized, and stored at -80°C. Equal amounts 
of culture filtrate and whole cell extract was combined and injected into chickens at a 
concentration of 1 mg/chicken. After four inoculations (one/month) the eggs were 

25 collected, broken open and the IgY antibodies harvested by arrmionimium sulphate 
precipitation. 

7.2 Preparation of Antigen Capture column 

5 x lOmg of ammonium sulphate purified IgY antibody was used to generate 5 IgY 
30 immobilised CarboLink™ Gels using the Pierce CarboLink™ Kit. Subsequently the 
agarose within each gel was pooled to generate a 10ml bed volume. This pooled 
column is now referred to as the IgY capture column. 

7.3 Affinity puification of Sputum or Plasma proteins 
35 7.3.1 Sputum Proteins 



WO 2005/001480 



PCT/AU2004/000856 



96 



10 



A 30mM final concentration of Iodoacetamide was added to 10.8ml of sputum from a 
Chinese TB subject for 2 hours. 10.6ml of the Iodoacetamide treated sputum was 
applied to the pooled IgY capture column and incubated overnight at 4 degrees with 
rotation. The remaining 0.2ml of sputum was stored at -80°C and used later in a 
Bradford protein determination assay. The unbound Chinese sputum antigens (flow 
through) were removed by centrifugation of column at 4000g for 10 minutes and saved 
for 2 subsequent overnight incubations on the same IgY capture column. The IgY 
capture column was washed with four bed volumes of PBS. Captured proteins were 
eluted with 50mM Glycine pH2.7. The column was regenerated with 3 bed volumes of 
PBS before addition of flow through for the second out of three overnight incubations. 
Protein concentrations for flow through, PBS and Glycine washes were determined 
using a Bradford assay. Eluted proteins were alcohol precipitated and resuspended in 
7M Urea, 2M Thiourea, 2% CHAPS and 40mM Tris. The solubilized proteins were 
reduced and alkylated with a final concentration of 5mM tri-n-butylphophine and 
15 lOmM acrylamide respectively. The reduced and alkylated protein sample was washed 
through a lOOkDa Millipore ultracentrifugatioh column with 6 volumes of 7M Urea, 
2M Thiourea, 2% CHAPS and 40mM Tris. The lOOkDa flow through was then applied 
to a 5kDa Millipore ultracentrifugation column and concentrated to 0.3ml and used in 
two-dimensional gel electrophoresis. 

20 

7.3.2 Plasma Proteins 

10.6ml of Chinese plasma was applied to the pooled IgY capture column and incubated 
overnight at 4 degrees with rotation. The unbound Chinese plasma antigens (flow 
through) were removed by centrifugation of column at 4000g for 10 minutes and saved 

25 for 2 subsequent overnight incubations on the same IgY capture column. The IgY 
capture column was washed with four bed volumes of PBS. Captured proteins were 
eluted with 50mM Glycine pH2.7. The column was regenerated with 3 bed volumes of 
PBS before addition of flow through for the second out of three overnight incubations. 
Protein concentrations for flow through, PBS and Glycine washes were determined 

30 using a Bradford assay. Eluted proteins were alcohol precipitated and resuspended in 
7M Urea, 2M Thiourea, 2% CHAPS and 40mM Tris. The solubilized proteins were 
reduced and alkylated with a final concentration of 5 mM tri-n-butylphophine and 10 
mM acrylamide respectively. 



35 7.4 Two-dimensional gel electrophoresis 
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Eleven cenfimetre pH 3-10 or pH 4-7 IPGs were purchased from Amersham (Uppsala 
Sweden). Isoelectric focusing was conducted as per manufacturer's instructions using 
an IsoElectrlQ unit from Proteome Systems (Wobum, MA). Second dimension 6-15% 
or 14% homogenous Tris-Acetate Gelchip gels were run as recommended by 
manufacturer (Proteome Systems, Woburn, MA). Arrayed proteins were visualised by 
silver-staining (Shevchenko et aL, Mass spectrometry sequencing of proteins silver- 
sfeuned polyacrylamide gels. 68, 850-858. 1996) or transferred to PVDF-P membranes 
(Milhpore, Billerica, MA) by using semi-wet membrane-blotting cassettes 
accompanying the IsoElectrlQ 2 unit from Proteome Systems (Woburn US) An 
example gel showing protein isolated from sputum of a subject suffering from 
tuberculosis using immunoglobulin from an immunized chicken is shown in Figure 7 



EXAMPLE 8 

1 J Identification of an immunogenic ovarian cancer protein 

Bo* tumor tissue and serum are collected from a number of subjects suffering from 
ovanan cancer. All tumor samples are confirmed to be of epithelial origin. 

20 8.1 preparation of protein from tumor cells 

Cells are dissociated in cold PBS, pelleted, and washed twice in cold PBS For the 
preparation of total cell protein extracts, cells are resuspended in extraction buffer (125 
mM Tns-HCl, pH 6.8, 3% SDS, 5% 2-mercaptoethanol, 1 mM PMSF, and 2.5 g/ml of 
leupeptm, pepstain, aprotinin, antipain, and chymostatin), and sonicated. For the 

25 preparahon of soluble and insoluble cell extracts, cells are resuspended in cold buffer 
(10 mM sodium phosphate buffer, pH 8.0, 140 mM NaCl, 3 mM MgCl 2 , 1 mM DTT 
0.5 / 0 Nonidet P-40, and protease inhibitors as above), incubated on ice for 15 min and 
centnfuged at 10,000 rpm for 5 min. Supernatants are removed as soluble extracts' and 

,n ^t^t m ^ffer (10 mM sodium phosphate buffer, pH 7.5 150 

30 mM NaCl, 1 mM DTT, 1.0% Nonidet P-40, 0.1% SDS, and protease inhibitors as 
above), vortexed, and then centrifuged at 10,000 rpm for 5 rnin. Resulting supernatants 
are removed as insoluble extracts. 

8.2 Preparation of an immuno-capture column. 
35 An immuno-capture column is produced by pooling approximately 5mL serum from 
five subjects suffering from epithelial ovarian cancer (total protein concentration of 
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-40 mg/mL). Immunoglobulin is bound to Protein A Sepharose by incubating the 
pooled plasma with 10 mL 50% slurry of Protein A Sepharose. The matrix is washed in 
10 mM PBS pH 7.4 and bound immunoglobulin irreversibly immobilised utilizing DSS 
essentially as described by the manufacturer (Pierce). The generated column is referred 
5 to as the capture column. 

8.3 Isolation of an immunogenic protein 

The capture column is incubated overnight with the isolated breast tumor protein 
(described in Example 7.1) at 4°C at constant rotation. Beads are subsequently 

10 collected by centrifugation. The flow-through is collected and saved for subsequent 
incubation steps (the protein extract is passed over the capture column a number of 
times in each capture). The harvested beads are washed 3 times in 10 mM PBS pH 7.4 
and captured proteins eluted with 50mM glycine pH 2.7. The column is extensively 
washed with first 50 mM glycine pH 2.7 then 10 mM PBS pH 7.2 prior subsequent 

15 incubation steps. 

Eluted proteins are alcohol precipitated and subsequently resolubilised using the 
ProteoPrep Universal Extraction kit (Sigma, St. Louis, MO) essentially as described by 
the manufacturer. Proteins are then reduced and alkylated with a final concentration of 
20 5 mM tri-n-butylphophine and 10 mM acrylamide, respectively. 

8.4 Two-dimensional gel electrophoresis 

Eleven centimetre pH 3-10 or pH 4-7 IPGs (Amersham, Uppsala, Sweden) are used. 
Isoelectric focusing is conducted as per manufacturer's instructions using an 
25 IsoElectrlQ 2 unit from Proteome Systems (Woburn, MA). Second dimension 6-15% or 
14% homogenous Tris-Acetate Gelchip gels are run as recommended by manufacturer 
(Proteome Systems, Woburn, MA). Arrayed proteins are visualised by silver-staining 
(Shevchenko et aL, Mass spectrometric sequencing of proteins silver-stained 
polyacrylamide gels. 68, 850-858. 1996). 

30 

8. 5 MS analysis 

Proteins spots of interest are excised and washed twice in 100 mM NH4HCO3 • 50% 
acetonitrile (ACN) pH 8.2 and dehydrated at 50°C for 30 minutes. Proteins are digested 
as described by Katayama et al (Improvement of in-gel digestion protocol for peptide 
35 mass fingerprinting by matrix-assisted laser desorption/ionization time-of-flight mass 
spectrometry) and digested for 3 hours at 37°C. Tryptic peptides are extracted by 
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sonication and purified as described by Kussmann et al. Peptides are eluted with ~1.5ul 
MALDI matrix solution (70% ACN, 0.1% TFA, 1.5mg/ml alpha-cyano-4- 
hydroxycinnamic acid (Sigma, St. Louis, MO). Peptide mass fingerprints (PMF) are 
generated by matrix-assisted laser desorption/ionisation-time-of-flight- mass 
spectrometry (MALDI-TOF-MS) using an Axima CFR (Kratos, Manchester, UK) or an 
ABI MALDI MS/MS (AME Bioscience, London, UK). 

Using this method a fragment of an immunogenic protein is identified and compared to 
databases to identify the immunogenic protein. 



EXAMPLE 9 

Immunization of mice with breast cancer cells to determine an immunogenic protein 
9.1 Immunization of mice 

A number of mice are immunized with MCF-7 breast cancer cell lines. The MCF-7 
15 cells are mixed with Freund's complete adjuvant (manufactured by DIFCO) in a 1:1 
ratio and the mixture emulsified. The emulsion is then injected into female Balb/C mice 
subcutaneously. 

Booster immunizations of an emulsified mixture of the cell solution and Freund's 
20 ^complete adjuvant (manufactured by DIFCO) (in a 1:1 ratio) are administered by 
injection at about 2 week intervals by subcutaneous injection. Three days after the third 
booster, a blood sample is collected from the tail vein and antibody production in the 
serum is measured by a direct solid phase ELISA. 

25 MCF-7 cells are diluted with PBS and the resulting solution adsorbed to an ELISA 
plate for approximately 2 hours. The plate is then blocked by a 4-fold dilution of 
Blockace (manufactured by Snow Brand Milk Products) in PBS. After washing the 
plate, various dilutions of the serum obtained from the immunized mice in a serum 
diluting buffer (PBS containing 5% FBS) are added to each well of the plate and 

30 incubated at room temperature for 2 hours. 

Following washing the plate alkaline phosphatase labelled mouse IgG antibody 
(manufactured by ICN/Cappel) is added to each well of the plate and incubated at room 
temperature for approximately 1 hour. 

35 
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Disodium p-nitrophenyl phosphate (SIGMA) is then dissolved in a substrate reaction 
mixture (9.6% diethanolamine buffer containing 0.5 mM magnesium chloride, pH 9.7) 
at concentration of approximately 2 mg/ml to prepare a substrate solution. The plate is 
washed 7 times with purified water and the substrate solution added thereto. After 
reaction with the substrate solution, 3N NaOH is added to stop the reaction and the 
absorbance at 405 nm is measured. 

Serum is extracted from those mice that have developed an immune response to the 
MCF-7 cells and the serum pooled. 

9.2 Preparation of an immunocapture column 

The recombinant immunoglobulin binding protein PAM protein A mimetic) is used to 
isolate immunoglobulin from serum samples. 

PAM (Arg-Thr-Tyr) 4 -L y s 2 .Lys-Gl y , (SEQ ID NO: 5) are produced by solid phase 
peptide synthesis following the Fmoc methodology on a fully automated peptide 
synthesizer 431A (Perkin-Elmer) as described previously (Fassina et al J. Mol. 
Recognit. 9: 564, 1996). After resin cleavage, peptides are purified by reversed-phase 
high performance liquid chromatography (RP-HPLC) and their identity confirmed by 
amino acid analysis and time of flight matrix assisted laser desorption ionization (TOF- 
MALDI) mass spectrometry, which provided a molecular weight identical to the 
expected value (2141 amu). 

Peptides are coupled to Emphaze matrix (polyacrylamide/azlactone-activated gel) 
25 (TECNOGEN, Piana di MonteVerna, CE, Italy), as recommended by the 
manufacturer's protocols. Ten milUgrams of peptide is dissolved in 6 ml of 0.2 M 
NaHCOa, 0.6 M Na citrate, pH 8.0, and incubated with 130 mg (corresponding to 1 ml) 
of pre-activated matrix. The suspension is incubated for several hours at room 
temperature under gentle agitation, by monitoring the extent of peptide incorporation 
30 by RP-HPLC analysis at different times. After washing with 0.1 M Tris, pH 8.5, to 
deactivate residual active groups, the resin is finally packed into a 100x6.6 mm LD. 
glass column. 

Samples, corresponding to 0.5-1 ml of serum (Example 9.1) are diluted and loaded 
35 onto the column equilibrated at a flow rate of 60 cm/h with buffer. Bound fraction is 
immediately neutralized with a few drops of 1 M Tris, pH 9.5 and characterized by 



20 
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SDS-PAGE and gel-permeation analysis to determine IgG purity, and by enzyme- 
linked immunosorbent assay (ELISA), to evaluate the immunoreactivity and the 
amount of recovered immunoglobulins. 

5 The immunoglobulin bound to the column is then crosslinked using DPS (Pierce) 
essentially following manufacturer's instructions 

9.3 Preparation of protein from tumor cells 

MCF-7 cells are collected in cold PBS, pelleted, and washed twice in cold PBS. For the 
10 preparation of total cell protein extracts, cells are resuspended in extraction buffer (125 
mM Tns-HCl, P H 6.8, 3% SDS, 5% 2-mercaptoethanol, 1 mM PMSF, and 2.5 g/ml of 
leupepun, pepstain, aprotinin, antipain, and chymostatin), and sonicated. For the 
preparation of soluble and insoluble cell extracts, cells are resuspended in cold buffer 

15 0 Tf ° SPhate bUff6r ' PH 8A 140 NaC1 ' 3 M ^> 1 DTT, 
15 0.5/c Nomdet P-40, and protease inhibitors as above), incubated on ice for 15 min and 

centafuged at 10,000 rpm for 5 min. Supernatants are removed as soluble extracts' and 
pellets are resuspended in cold buffer (10 mM sodium phosphate buffer, pH 7 5 150 
mM Nad, 1 mM DTT, 1.0% Nonidet P-40, 0.1% SDS , md protease ^ 
above), vortexed, and then centrifuged at 10,000 rpm for 5 min. Resulting supernatants 
M are removed as insoluble extracts. 

9.4 Isolation of an immunogenic protein 

The capture column is incubated overnight with the isolated MCF-7 protein (described 
m Example 9.3) at 4°C at constant rotation. Beads are subsequently collected by 

25 centnfugation. The flow-through is collected and saved for subsequent incubation steps 
(the protem extract is passed over the capture column a number of times in each 
capture). The harvested beads are washed 3 times in 10 mM PBS pH 7.4 and captured 
proteins eluted with 50mM glycine pH 2.7. The column is extensively washed with first 

^ 50 mM glycine pH 2.7 then 10 mM PBS pH 7.2 prior subsequent incubation steps. 

Eluted proteins are alcohol precipitated and subsequently resolubilised using the 
ProteoPrep Universal Extraction kit (Sigma, St. Louis, MO) essentially as described by 
the manufacture, Proteins are then reduced and alkylated with a final concentration of 
5 mM tn-n-butylphophine and 10 mM acrylamide, respectively. 
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Collected proteins are isolated and analysed using MS essentially as described in 
example 8. 

EXAMPLE 10 

5 Identification of an immunogenic protein in diabetes 

10.1 Preparation of an immuno-capture column. 

An immuno-capture column is produced by pooling approximately 5mL serum from a 
number of subjects suffering from type-I diabetes (total protein concentration of -40 
mg/mL). Immunoglobulin is bound to Protein G Sepharose by incubating the pooled 

sn^r it si r of protein ° — ■ * 

mM PBS P H 7.4 and bound immunoglobulin irreversibly immobilised utilizing DSS 
essentially as described by the manufacturer (Pierce). The generated column is referred 
to as the capture column. 

15 10.2 Identification of an immunogenic protein from diabetes 

P^creatic islet like cells are produced equally as described in Lumelsky et al 
SWe, M U 9 , 2001. These ceUs are then lysed and protein eLcted. 
Differentiated cells are lysed and protein exacted using the ProteoPrep Universal 

^ Extraetton tat (Stgma, St Louis, MO) essentially as described by the manufacturer. 

The capture column is incubated overnight with the isolated differentiated cell protein 
or wtth serum isolated from a diabetic subject or a non-diabetic subject at 4°C at 
constant rotation Beads are subsequently collected by cenhtfugation The flow- 

25 parsed over the captere column a number of times in each caphue). The harvested 
5^7 3 times in 10 mM PBS pH 7.4 and captured proteins eluted with 

50mM gjyeme pH 2.7. The column is extensively washed with first 50 mM glycine pH 
2.7 then 10 mM PBS pH 7.2 prior subsequent incubation steps. 

30 Bteed protetas are alcohol precipitated and subsequently resolubilised using the 
ProteoPrep Umversal Extraction tat (Sigma, St Louis, MO) essentially as described by 

5 1Z tT, ' IT" ~ *" " 4 **** ^ " *"» ^-cenfration of 

5 mM tn-n-butylphophine and 10 mM acrylamide, respectively. 

35 CoUected proteins are isolated and analysed using MS essentiaUy as described in 
.example 8. 
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EXAMPLE 11 
Identification of an immunogenic protein from hepatitis 

11.1 Production of hepatitis C virus tike particles. 

Construction of recombinant baculovirus bvHCV.S P 7 containing the complementary 
DNA for the HCV structural proteins (genotype lb J strain) is performed essentially as 
described in Triyatni et al J FZro/; 7*933 5-9344, 2002. HCV-LPs are partially 
10 purified by sucrose gradient centrifugation as described previously Txyetm supra. 

11.2 Immunization of Mice. 

Mice (6-8 weeks old) are immunized 4 times at 3-week intervals with 20 ug of HCV- 
LPs into each quadriceps muscle in a total volume of 100 uL with either the AS01B 
15 adjuvant (GalaxoSmithKline) or CpG 10105 (Coley Pharmaceutical Group). 

Mice that produce antibodies to the particles are determined by an enzyme-linked 
immunosorbent assay . Blood samples before immunization and 2 weeks after each 
immunization are collected from the tail vein and analyzed for HCV E1/E2 antibodies 
20 by enzyme-linked immunosorbent assay essentially as described in Lechmann et al, 
Hepatology; 34:41 7-423 , 2001 . 

11.3 Production of an immunocapture column 

An immuno-capture column is produced by pooling approximately serum from a 
25 number of mice producing anti-HCV E1/E2 antibodies. Immunoglobulin is bound to 
PAM-EMPHAZE (produced as described in Example 9.2) Bound immunoglobulin 
irreversibly immobilised utilizing DSS essentially as described by the manufacturer 
(Pierce). The generated column is referred to as the capture column. 

30 11.4 Identification of an immunogenic protein from hepatatis 

The capture column is incubated overnight with the partially purified HCV-LPs at 4°C 
at constant rotation. The flow-through is collected and saved for subsequent incubation 
steps (the protein extract is passed over the capture column a number of times in each 
capture). The harvested beads are washed 3 times in 10 mM PBS pH 7.4 and captured 

35 proteins eluted with 50mM glycine pH 2.7. The column is extensively washed with first 
50 mM glycine P H 2.7 then 10 mM PBS pH 7.2 prior subsequent incubation steps. 
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Eluted. proteins are alcohol precipitated and subsequently resolubilised using the 
ProteoPrep Universal Extraction kit (Sigma, St. Louis, MO) essentially as described by 
the manufacturer. Proteins are then reduced and alkylated with a final concentration of 
5 mM tri-n-butylphophine and 10 mM acrylamide, respectively. 

Collected proteins are isolated and analysed using MS essentially as described in 
Example 8. 



10 



